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INTRODUCTION 




Prom January 19^72 vintil October 1976, the National Science Foundation 
provided partial support for a major expansion, implementation, and evai^a-*' 
-tion of the University of Illinois PLATO <tomputer-based Education' System 
The major objectives were: 1 

s • ^ 

■ ■ ■ ' J / ' ■ '\ ' • ••- , • 

1. Develop, test and operate^ large geographically dispersed 
PLATO IV computer-based^-i^qacation networlc serving at least 50 0 ' 
student consoles at several educational institutions at university, 
conimunity Qoilege and elementary levels- - 

■ ■ : ■ . >(4 ^ ■ , ■ ; ' .1. 

2. Impl^ent an educational program involving educational liaison ^ 
(cooperative programs) with participating institutions^^ teacher/ 
author training, cu^iculum. planning and the development of curri- 
cjilar materials. 

3. .Carry out a ,two-yi5r field -t^esfand demonstration with the PLATO IV 
system providing a s\ibstantial component of direct computer-based 
instructioi) at each institution. 

4. In cooperation with a^ qualified external evaluation team, develop 
plans and strategies and assist in a systematic evaluation during 
the\;field test period of the educational effectiveness of- -the PLATO 
IV computer-based education system. 

This' filial report describes the program conducted to reach these objectives I- 

A - r - ' ■■■ ■ ■" ■ 

The program was centered at the (Compute r-«based Education Research Labors 
tories (CERL)> at the University of Illinois, but much of the work was performed 
in associated departments in the. University of Illinois, in other universities, * 
in junior colleges, /And in elementary schools.\.^Ke report begins in Chapter^ 1 - - 
with a brief accounf of PLATO history, a sisitmary of th^ program, and a discus- 
sion of results and their implications. Cl^apter 2* describes the methods by 
which the PLATO^Service Organization provides author training, liaison") docu- 
ment at ioAj-^^and otljer services to a| large user community. Chapter 3 provides 

. . v . Jo ■ .■ : . 



evaluation of system reliab-ility, system. performance, system use, and edu- 
cational effectiveness It p:^sents, in detail, a case study in elementary^ 
.jnathematics. The next two chapters describe experience in the use of PLATO 
^in elementary schools; Chapter 4 reports on elementary mathematics and 
Chapter 5 on element^ary^ reading. Chapter 6 describes the community college 
' program project which has introduced PLATO curricula in accountancy, biology, 
chemistry, english,, and mathematics in five community, college^. Chapter 7 
descrltoes the experience with PLATO in the teaching of physics at the univer- 
sity level j . Chapter' 8 does the same for chemis\:ry. Finally, Chapter 9 dxs- 
cusses the continuous development of systems software for PLATO. 

A separate report is being prepared by the Educational Testing Service 
(ETS) , the external evaluator-^ - , : ^ 

, - ■ " ■ I ■ ■ ^ 

1.1 BAQCGROUND ' • 

/ :■ ^ ; ; ; • , ■ " 

PLATO began in- 1960 With a single' terminal improvised from a used black 
and white television set, a stoj^age tube memory and a single keyset designed 
and built in the laboratory. This terminal was connected to the Illiac, an 
early vacuum tube digital computer, through interface' circuitry that wasv in- • 
herited from an earlier research program. The concept, still valid, was- that^ 
.;±ie student would talk to fihe computer through use of the keybaaVd, the computer 
would talk to the studen£ by^ writing messages , .alphanumeric/ or graphic, on a 
display surface (the TV screen) arfd the softwai'e would be designed so that the . 
dialogue would be meaningful, and so that it^ could be highly interactive. More 
precisely, the coirputer wro*te .the message on the sto,rage tube from which it was 
scanned at TV rates for display on the face^ of the CRT. 0;:>, alternatively a • 

\ / ' ^ ■ . ■ ■ A ■ ' ^ 

flying spot Scanner transferred 'the image from a^photbgraphic transparejicy to 
the storage tube. 'The two kinds of images could be merged on the 'TV display'.' 

■ ; " - . . ''. ' • ■• , 



The following year (1961) the system capacity was doubled to two 

• terminals, and to ^distinguish it from the original, the expanded system 

' .... ■ . . ., , - • ■ 

was sailed PLATO II. This early version of PLATO was actually used for 
teaching on a small scale, and, in fact, college credit was given for the 
fir^st time to" student^?' whd took a course using P,LATO. 

Development based ofi- thi^ experience led in late .1,963 to PLATO III 
which by March 1966 reached its maximum of ^twentiy terminals dperating on- 
^dne simultaneously. (There were actually 70 tejrminals scattfr'ed in other 
University departments,^^ a grade schocfl' and in a hospital, -but only 20 
could be used at one time.) PLATO Iftlx was essentially a well engineered; 
• version of PLATO II in which ^the irt^ge from any one of 122 transpa^rencies \ 
(loaded at any given tira^l cpwld be selected by ihe computer. Furthermore,^ 
this version of &LATO was (Interfaced directly to a more modern computer, the 
CDC 1604. With the storage 'tubes at the central coihbuter and wide band- video 
lj.nks' froiT^memory to display/ this system did not lend 'itself to greater > « 
expansion,,: but clusters^ o^f 12 to -20 terminals allovgec^vschedulin^of entire « 
g^ps^QS. More teachers w^re motivated to prepare material for t^LATO and 
^^y j-^'^'^> 'four . years later, usage re^^ed 100,000 terminal hours . . 

During ten years of product i-ve>use, teachers and staff educated them- 



selves in the use, potential, and problems of this new mefiium. A new language 

■ a - , / - \ ■ 

TUTOR, was invented to provide scope and flexibility inipreparing 5t)urseware*, 

: I ^ ' 

and, at the same ti^te^, to simplify the authoring procfKures . The kinds and 

^ • ^. ' • ' ■ ■ ■■ /■ 

amounts of 'computer processing required for interactive use^pf -graphircr' dis- 

. "^^^ ■ " / • - , \ ') ^ 

plays became better understood, and a basis for the design of a truly expand-.' 



able system was prepared. . ' - . ' ' 

The anticipated requirements of this new -system, PLATO IV, stimulated, 
the invention of n-ew hardware that include'^J: the Plasma Display Panel (^flat 

" ^ ' ■ : J- . ' - 



panel' display deyice that could double. as a projection screen for images 
•Stored oji microfiche) , an ajivanced graphics terminals a random access pro- 
jection system for microfiche, a random access audio system for automatically 
selecting segments of speech or music under computer ^ control, a touch entry 
device, a communications system to support terminals over standard telephone 
"lines, television .channels, or 'through microwave transmission, and interface 
equipm^t to^handle the input/output requirements of thousands of terminals. 

Industrial development, stimulated by e^rly research at the University of 
Illinois, brought tihe Plasma Panel to'the commercial stage in f971. The . ^ 
other: new devices were developed to the pro tCS;ype stage at CERL by the same 
time and were becoming available from commercial manufacturers. Finally a 
computer, the CDC. 650O, was available" whictt, throii^h a rapid block transfer 
rate of Hp^^ bits per second between main ipAnory , and extended 



core 



storage, : c^^^ efficiently si^port a time sharing comr|unity of hundreds of 
users.. * , V(??f 

By the .start of the NSF program in January 1^72/ 'the' basic technology . 

• ■- * ' ' '. 

needed for the PLATO IV 'system wa^ at hand, and ten ^terminals were connected 

.1 ' . 

ti the system. Hardware research would, of course , be necessary to increase 

/ ' " 

versatility and to decrease Vosts, but further new developments were not "re- 

^.; : ■ ^ - 

quired to implement PLATO on the s.cale envisioned in the ^SE, pro gram. 

This was not quite true for software/ Although the basic system was 
ready 1^ 1971, it was expected (and proved to be correct) that systems soft- 
ware would continue to evolve as both the systems software staff, and the user 
comnjuhity ^ined experience. Software development ,: her ef ore has been an im- 
portant component of thfe program through its entire existence. • 



1.2 ^SUMMARY OF THE PROGRAM . . _ ^ 

From a beginning of ten terminal^ on PLATO IV in January 1972, the 
number has grown to about 950, with up to 500 active simultaneously. The 
sites are scattered across Continental United States^, pne terminal is in 
Sweden, and terminals have been connected for demonstration in the Soviet 
Union, Italy, Rumania, Venezuela, Sweden, France, Germany, and Iran. There 
are presently over 2,000 users of the system who prepare material for PLATO IV, 
and over 20,000 students are using the system. For the past two year^ system 
usage has exceeded one ijiillion terminal hours per year." 

With this Expansion, system reliability has remained high with more than 
95% of total scheduled time available to users. Of apparently more concern * 
to classroom teachers is the probability of a failure during a class hour, 
a figure that tests of^user attitude indicate should be less than 0.8. Ex- 
.cept when hardware changes have produced brief periods of relatively 'low re- 
liability, this condition has usually been met. 

During j|he expansion of PLATO IV the system has also met design standards 
which include an average response time, to key "inputs, of about 0.2 seconds, 
and processor loads of about 2, 000 instructions per second per ..terminal for 
students. Peak loads for a terminal may be much higher and are well \ tolerated 
by the system. These figures are meaningful, of course, only , if the system is 

acceptable to users, and if it provides effective instruction. User acceptance 

y 

has been generally enthusiastic and all available evidence indicates that the 
system is effective educationally. , 

To supjDort ^his expansion, CERL ha^ operated tKe PLATO Services Organiza- 
tion, a group^that provides . training for authors both through short courses 
held in the Laboratory, and through on-line lessons. It has also developed 
an on-line, comprehensive encyclopedia (AIDS) for PLATO and the TUTOR language 



In addition, it provides consulting- services in which a user and a consultant 
converse on the system by \typing messages which appear instantly at the. bpttofti 
of the displays. To help in these consultations the -consultant can, with 
user consent^ view the- user ',s display images on his* own terminal. These ser- 
vices are widely used. For example, in 1975 AIDS was consulted more than 
600,000 times, or^on the average, once every 40 minutes for each author. This' 
group also provides system documentation and performs the administrative tasks 
necessary in the operation of a large system. " fl 

When the development of „ ne^ courses for PLATO is begun, the 'responsjibility 
for curriculum and lesson design genex^lly i^sts with the users. PSO and 
staff members of CERL are prepared to provide help and guidance. However, in 
'order to implement the educational p tog ram of the MS F program, three grdups ^ 
were established within CERL, two to work with the elementary schools, in' 
mathematics and reading, and a third group to work in five subject areas with 
community colleges in Illinois. All groups developed and adapted instructional 
material?, and .all maintained close liaison with classroom teachers and appra- 
priate administrators. •. ^ 

The elementary mathematics group produced about icfc) hours* of ' instructional 
material for grades 4 through 6, enough to allow a 'Qhil« to work at a» PLATO 



terminal one-half 4our a day for a full school •year'. 



The lessons were divided 



into three "strands", fractions, whole numbers and g|aphs. These • lessons proved 

/ i! . / ■ 

to be effective and gaindd high acceptance with teacl|ers and students. One 

problem encountered in this program was a restrict ior^. in the allotment of ex- 

tended core storage (ECS) which, in the first year of! the field test, restricted 

the number of lessons that could be available at one time. Expansioi>« of ECS 

in 197'j from one million 60 bit words to two million .v|ords elir^inated this 

r^roblom. 
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The elementary reading group developed about 80 hours of instruct j.onal 
material ahd has provided about 17,000 hours of instruction to 1,225 kinder- 
garten, .first grade, remedial and'educable mentally- retarded students. These' 



lessons make extensive use of the random acce^ audio device and the micro- 
fiche projector. Acpeptance of PLATO 'lessons as part of the daily instruc- 
tion has been enthusiastic for both teachers knd students, ' 

This program encountered two prbblems, pne stemmed from an ^rly de- 
ci^ion to use a relatively complicated computer management system (CMS) to 
select lesson sequences for students on the basis of on-line measures of 
student performance. Disparity between what a student had learned and what 
the computer thought he had learned, often led to inappropriate choices. 
Furthermore, the CMS structure allowed for little teacher ^^tervention. At 
least in its present form, CMS has been replaced by a system which can be 
used by the teacher with 'greater ease and control, A second problem related 



to difficulties in early versions of the audio 
production of magnetic disks for these,.;Units. 



response uMt, and in the 
Llnreliability interfere^ with 



hbrmal use, and cv^Jibersome methods of producingf disks impeded the development 
of lesson material. With further development tljiese problems have now been 
resolved. 

'The community college program has been a la^ge effort involving 175 

'i ■ 

teachers in five community colleges, their admin jistrators, and the community 
college' (CC) staff in CERL* From September 1974 j until June 1976, over 
21, 000 students participated in the program, arid received over 97,000 hours 
of instruction in about ,400^essons in five subjects (accounting, biology, 
chemistry, english, and mathematics) 

Close liaison was maintained between the college . teachers and the CERL 

i . ^ . ■ 

staff, but the teachers had complete control of cpurse selectipn, the times 
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0 



ahd^^ie ways in which PLATO would be used. Teachers also participated in the 

I. • ' - r • ■ , 

review and in some cases in the preparation of lessons. 

» " — . ^ ■ ^ • 

Response, on the part of students , teachers, and adminj^strators has been 
enthusiastic, and each community college is continuing the operation />f the 
. " PLATO beyond the NSF grant|periodi. ^ 

At. the Univers'ity of (^Illinois, the Physics and Chemistry Departments / 

were, among the earliest to explore the uses of PLATO in undergraduate / 

• / ■ 

.. teaching. With NSF support, each department acquired 30 terminals to f drm / 

■ ' " ' ' ■ , . / • • 

. a PLATO IV classroom, arid with these facilities introduced PLATO into the 

* regu^lar curriculum. In- each case PLATO has become an effective and well 

accepted part of the teaching program. 

In physics, about 100 hours bf instructional material have been pre- 

. pared and have been tested with several thousand students at the University 

/of Illinois and at otKer colleges and universities. .Student attitudes as 

y ; meapirea':by"ques^ have been po'si^tive, ^nd 'student performance^'^as'"'^. ^V- 

* 'iTTie^sured by examinations have been statistically^ the same as s"tud!^t per- 

^ formance in non-I?EATO .v'ersions of lihe same course, despite a decre^sV in 

formal class time. Course development has- emphasized classical mechanics " 

and madern physics with waves and' optics, topics that are taught as part o:^ 

a three semester sequence at Urbana. Usage reaches a peak in the Spring 

semester when from 250 to 300 students enrpll dn the PLATO version of tlie 

classical mechanics course.- ' . . / 

In chemistry, hours of PLATO lessons have been developed , for 

yse in teaching general and' organic chemistry. . By the end of the NSF pro- 

gram about 1000 students were using PLATO for 'dne to two hours pei: week." 
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^Total usage in the 1975-76 academic year was'over 50,C:^^o tjexjniAal nou^^g. 
The figures represent a saturatioil point 'for the ,30 l^^^^^^a classfOOi,, 
More terminals are required to handle more students.. 

Throughout- the, entire four years of the NSP pro=,A^,„ s/steitij s^^ t- / 
ware has evolved continuously. This has been- true i,^ ^^^^ b^c^use of ^.^e 
suggestions and requests from k large, sophisticated^, ^^'^ arU^^uaate\geC 
community, and in part as a result of both the respo ^^^^^ss '^m init^i^tiv^ 
of an increasingly experienced software staff. .An iap-^^tv^jit r^lal|di ^^ctor' ^ 
is that users of the PLATO system" can communicate wi-tb \ ^t-'jj^cs. e^sUy on 
the system itself; through notes, conversations and dr^^^„gs. -^15 c^^^^inu^us ' 
interaction has continuously stimulated additions to s^^^^t^^^re v/hicb ,Pt.^i4jg 
new features not previously agilable to the user. a, .^j^^l^ is the^f^cil^ty ■ 
-for -creating alphanumeric and graphic images difectHy ^^ixe ^isp^ay * Jcreen y 
through simple ■ controls. , The system^produces riot onEy display, but^^lsi? ■ 

the corresponding source language program. Other chs^^^^ additions j^edat^ ' 
.to. system organisation and even to the structure of 't->^p3^ ^angu^ge • ^ 



K3 PROBLEMS 
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The problems whi6h have been encountered in the^^pf^.^^^^ g^ner^Uy 
resulted l!'rom the sheer magnitude of the program -itsel?^^ rcliey , include 
deadlines missed because^ of 'delays on the part pf verndC^'^a . f atUre to. 
administrative decisions promptly, delays in de ve lopirftjh^^ e/^ipment 
software, tremendously strairie'a resources, -and other pp^^b ;^niJ githe? V^tiiin 
°^ °"^side the control of CEii. As a result, -some patC^-^^^ts Mve b^^n ' 
disappointed or df^sc^uraged. 'On the other hand, when, ^^e^^/d^ i^ys VaV^ even' 
tually been corrected, acceptance and enthusiasm have^ b^^,^^/ ^l^^'^t univ^^sal . ■ 



\ 



er|c , i J ^ 



.V 



' -V / 

•Second,- the existence of ^e external evaluat:^on seriously discouraged 

^ or prevented efforts to conduct internal evaluation; to avoid imposing too . 
' . ' '-^ ■ . • ■ * . ■,. " ■ 

greatly on student«..and teachers and to avoid possible interference -*rith 'the 

/ ■ ■ ■ . ■ ■ o 

external evaluation. / . ' Tx*- 

The third difficulty associated with .the. approach followed by NSP is 
.Pri<ie£paliy due' to ^he burden placed on the external eyaluator,. In parti- 
' cular, because of the. developmental nature of the program, it'-'is virtually ' 
inipop^bl^ for an external evaluator.to 'develop dn adequat^ uhderstanding of 

- . sucft a program to develop an evaluation design. Even if the required effort 

is expended to develop sudh an understanding" and to prescribe meaningful 
evaluation objectives and ^approaches , it is likely that the nature of the 
program wij.1 have changed in the meantime, negating thCvalfefOf .tl<f plans 
made^^'only the organization operating the program can havj^ny hope of being 
able. to carry out an evaluation which can keep current with the program • 

• evolution. This 'is an extremely difficult task, even for. the operating , , 
orga^r^zotion. In addition, the performance of thp evaluation by. the program 
itself, wo.uld provide a greater likelihood and capability 'of using thi 

. evaluation-data in the guidance of the program. , • 

- ■• If the issue^of objectivity is critical, with regard to the. operation " " 
of an internal evaluation effort, it would seem that the ' proyisidn of an 

; external monitor of the evaLuatsJfc could facilitate' sucht objectivity . 

- In the present case, we feel that^ valuable data has been lost, effort , 
has been wasted, and the program has failed to benefit' from- data which could 
.have been very useful to the .program.". We strongly recommend th^t the method' 
ot internal evaluation suggested by the above be considered for .future 
programs of this type. ■ ,,. . , \ 
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The original cost objective for PLATO service (approximatejLy •$ 1 , 00 
per contact hour in 1976 dollars) has not been met to date; however, sub- 
stantiHl progress has been made in this direction (estimates of present costs 
are in the range of 92 to $4 per contact hour), and all signs indicate that 
the original objectives are obtainable. Research and development is pre- 
sently underway in both industry and at the University to reduce* costs- ^f 
termin-al equipment, coitputer equipment, and communications. The results of 
this development', combined with the cost reductions norm^ly accomplish«|/a^^^ 
with experience ^ (learning theory) , should provicie cost characteristics which 
will allow very broad distribution of the technology during the next decade. 

Finally, a comment relative to t continuing problem faced in this pro- 



gram i^ perhaps warranted. Namely, the problem of evaluation. There is 



no 



question ^s^o^ the importance of monitoring development programs of the pre- 
sent type.' This monitoring^ should be incorporated both-^to determine the 
level of success or failure of the program ^ well as to provide guidance 
in the evolution of the program i£self . The approach adopted by NSF in this 
program was to contract with an external agency for an evaluation having 
a substantial sumntative component. <i » 

This approcich has three- fundamental difficulties. First, the nature of 
the PLATO '^Drogr am during the period of this effort was highly developmental. - 
This means that greatest emphasis should be placed on ' formative , rather, than 
summative, evaluation'. The emphasis on summative evaluation continually raises 
th6 ques^^ as to. the appropriateness^ of providing the , program with access 
to evaluation data, for fear that this data, might _be used to modify thd program 
in an effort to iirqDrove performance. It is quite unfortunate that such a • 
situation should exist during a period when the primary intent is to develop 
and make an initial demonstration of a system, ^ ' . ' 
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1.4. MAJOR ACCX)MPLI3HMENTS ' ^ ; " . \ ' 




y The raajoj activities of this program :^all into sevengategories : 

.j ■ 1- Systfem .develgpinent * . ' ^ » 

^2- Hardware ^deve^^opment - ^, 
' ' ' ... 3. Software development .> - ' 

- 4. ; 'System implementa' " n '* 

• V . 5. Cxirriculvmi development, ^ 

Applications research 
. ' 7- Media developmojnt . 

The fQllpwing is a siunmary of thd major accomplishment's according 
to these categories. 



■ ... 

1,4.1 System Development 




It is diflSa,g^±,^ooveremphasizG/ the importance of the system concept 

- . ■ :J 

in addressing a' problem as complejrf as CBE (Computer-based Education). It is 
. relatively easy to -irt^jlement hardware, software, curricular materials, oi 

instructional design, strategies Smj^, fail to make significant progress towards ^ 
the goal of the program. The entire system problem must be addressed. ix} 
the case^of CBE the entire sequence, , .from the initial design of the instruc- 
,^ tional materials, to the translation of this design to code, to the presenta- . 
tion of materials to students, to the collection of evaluation data concerning 
, this whole sequence, must be addressed as a -singleS^roblem. In addition, 
. o^^laying this broad consideration is the problen^^^^^f-evo^ut^^ In parti- 
^ culaj^ adequate power and flexibility must be incorpo^ratec^^in order to make 
modifications and improvements in response to experience gained in the appli- 
cation of the medium. Without this latter feature, a program can immediately " 
run into a-dead end, because of the discovery that some preconception' is 
.. either mi3leadin5 or totally in error. 
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Perhaps one of the most important contr-ibuti^Dns of the PLATO program ^ 

is in/tbis^ area of stem, development . ^Vn extreme^^y powerful and flexible * 

' " ' ' /•")'.'. ^' 

^medium has been developeji which addresses this full spectrum of issues- 



sson materials can be created^with rejLative ease. The system pr'pvides ^ 



powerful capabilities that aid in this process, thousands of persons/^ c . 

untr^ined^in instructional design or Computer technology have successf ully"" '{' 

'J . ^ ^ , . ■ ^> * . '> 

^eloped 'instructional materials. ^ The interface with ti^e studen^ has proved to 

be' effective gfid enthusiastically accepted.- ' The data^ collection and analy- 

, sis capabilities are broadly and effec^tively used. And,* finally, a powerful 

» 

■ ' f ' ' ' I ' * 

eyo^utionaryt? capability has been demonstrated. This latt'er is demonstrated 

. * o . ' ■ / ^ c.- , ■ - ^ . ■ ■ ■ • Y 

thi^ough the rapidity of software and hardware development as well as the 
^development of new instructional ^techniques and new applica^ons and methods 
of utilization which has been and continues to be maintained "in the program. 

]/^.2 Hardware Development ^ • / <^ 

The range of hardware developed prior to and during the operation of 
the present pjirog^™ is substantial. Most of this development took place 
outside of the NSF program, however ,^since this program has been essential )^ 
tb\ the guidance of\this hardware development, it sdems appropriate to summa- 
rize It here. . ^ \ 



/ The implementation of, the PLATO system has required the development of ' 
a new. and unique display technology, . the" pO^sma display panel; a powerful, 
low-cost graphics display terminal; an interface system to distribute computer 
output and receive student/author input siituXtaneously from hundreds of termi- 
nals\- a communications system to serve terminals, locally distributed over / 
either TV of twisted pair linkages and to serve terminals remote-ly distrir- 
buted through standard telephone lines, TV, or microwave, links; and a series 



of peripheral device's, including the. random-access ^slide projector , the randb 
access audio device, the music §^nthesizer, the touch input ""System, hard-copy 
output units, and a variety of specialized instrufctional and research devices 
Present developments include a low-cost replacement for core-ba^ed ^swapping 

Wemory, improved communications devices, intelligent terminals , portable 
^ - , . . ■ \ i . ■ ^ ' . . 

terminals^ and .^foice.jcecognition and systhesis capabilities. ^ * • 



1.4,3 Software Development - ^ - . . \ 

The PLA^ operating system and* the TUTOR language represent major 
deviations frOmV^e mainstream of^oftware development. Possibly as a re- 
sult of this, these developments have often been critized and misunderstood 
^by the' computer science communit^ However, during the past on'e to two-year'/^ 
as the power and ef ^ectivnness of the ,system have been demonstrated, these 
developments have begun to receive more and more recognition for what^e 
belike them to be — very novel and creative approaches which provide great 
insight ,and progress towards addressing the Mesign of software ^or systems 
intended for use by people who are not knowletigeable in computer technology. 

1 . 4^. 4 System ImplementabjLon , 

Once a system development, with the concomitant hardware, software, v 
curriculum, etc. sub-developments, ' has reached a state of maturity to allow 
the initiation of the "applications, research" phase, the issues of 'implemen- 
tation must be squarely addressed. These issues include the development of 
~con5fnercial sources for equipment, the organizatipn of support operations ; j;^-" 
eluding author, training and consultation, maintenance, and the procurement 
and installation of communications systems, the development of working arrarij- 
ments with participating institutions and the scheduling of these anc^ a myriad 



of other activities to Insure ^at^ functioning terminals appear inV classrooms 
or instructional labo:^^pries in synchronism with predetermined academic cal- 
endars. The initiati^p^of sucK a program oriented towards the installation 
of hundreds of terminals in more than a hujia^-ed sites in the absence" ^ 
of prior experiehce with a program or this magnitude is not a trivial 
task. And, indeed, the present progrlpi certainly encountered a fair ■ 




share of problems as a result, br^ the djther hafnd, a system of over 900 
terminals, at more than 140 sites, functioning with a reliability factor 
of more than 95%, providing more than a million contac^hburs per year 
in more than 140 subject areas, providing a variety of additional services, 
including cornmtinications features, researcli^ support, computational 



facilities*, reference services, consultation, maintenance, reporting and 
diagnostics; and evaluation data has been implemented and operates on an 
afound the year around the clock basis. , 

1.4. 5 Curriculum Development 

' . ■ ■(•• . ■ .. ■ . ■ ■ • 

The curriculun^^ development programs .which have operated during the 
period of the NSF contract have varied in approach from that of an indivi- 
dual author independently^ /writing lesson materials to that of relatively 
large ci|briculum development groups. The output of these programs has 
been approximately 6000 hours of instructional material in .more ^ than 
100 subject areas. The types of materials range from simple drill and 
practice lessons to ibomplex student controlled simulations. The quality / 
of the materials range from poor to superior, and each t^ype of approach 
has -resulted in materials over this range of quality. Thus, while it is 
clear that substantial* additicdaal \york must be done in order to -evolve 
curriculum development procedures to improve effectiveness and efficiency. 
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. we have idembnstrated the system capability to operate under a variety of 

«» ' ' ' * * 

develppment inodels. . ' ' . . 

•1/4>6 Applications Research \ ' ^ ' ' * ^- ^ 

e> V#- , . ^ 

.. • ' • ■ <• ^ 

As has been indicated, -a wide variety of ^applications of the system has 

■' \ ' . • ■ f ■ : ^ r 

been explored. These range from utilizarijon-of terminals in individual a 
classrooms, in '3/^ming centers/ in offices, and, in "PLATO" classrooms . Many, 
models of use Jiave also bepn explored, ranging from c<>urles -taught essentially 
totally on PLATO, to partial substitution of PLATO sessions for* c}.^ssroom 
sessions,^ to assigned supplemental^^S^ssions, to optional use of p'latO in 
conjunction with normal classrobm^instruction.' Again, varyintp/degrees of 

■ ' ' ■ ■' ' ' ' ' ' : 

success have been .observed in each of these casQ^s. ^ The system capabilities 
are adequate to ^nction under any of the models; however, this area of 
."applications research" is an area v^ere a great deal of additional work 
must'be done. ^ . . • 



■ Thus, far, we have only begun to explore^the nature and degree of . ^ 
instutional changes/ which should be- investigated in an effort jtcu optimally 
utlize the X^rstem in the accomplishment of. the educational objectives pf 
different edi/c.ational institutions af the various levels'of education. We > 
have had relatively little opportunity „th(is far to accomplish such optima- 
zafcion, and> in general, it has proved' very difficult^ for established insti- 
tutions tOy develop a good working perception of how this new medium relates ' 
to- Its problems. These issues need to he explored carefully, if bhe medium 
is to-^provi'de -the -benefit which has been qualitatively demonstrated-in this ' 
program. ; ' ' 



■ ■ ■ ■ ^-^ ■•.\ ; • ^ " . ■ . . ■ ■ / • 

? ^ . 

1 o4.7 Media Development ^ , . . 

Perhaps one of the most exciting and important aspec^ts of th^ present 

^ program is ^ooe that was hoVanticipatedV aWthe xnceptidn of the^'pre 
Namely, the roots of a new medium, which is riiuch bboader than GAl'"^or CBE, • 

- - . > . ' - y ^ - . • -■ . " . \ ■ 

have been established. -Itv^^s^too eaflj^^tp attentat an^aggiur^te. and complete ' 
charag^terization" of this ,mediutti^ Perhaps the , best ' that can be ^one at-'th-is^ 
txme is to describe it as a compvtter-based .infbrijiatiort/communicatipus^net-^\* 

work (CICN) . In addition to instruction, the PfjK'i?^J?:system presently provides- 

' ■ -. • . ' , ■ """*■', "i- • 

a broad ^ set of services inclyidang: ' , ^ . . - 

^ '* ' > ' ' ■ y 

K Electronic inaily including text, graphics, and animation. . ^ ' ' 

2. Qn-line' communications, including tesct, graphics^ and animation. ^ 

3. Enter tainijieij^t, includir^g gamers, musical presentations, simulation, e 

4. Personal services, including medical,- financial, psychological, and \ 
educational and career planning. - ^ . ' 

5. Research computation. - 

6. On-line research.' Physical experiments ,are controlled by the PLATO 
terminal, and analyzed results, are graphically displayed in real- tim^ 
In addition educational and social research can Ije ^conducted- c^n-line 
and in real time. 



7. Data p^rocessiwg. ' 

8. -Information retrieval. „ - ^ ' 

■ ■ ■ * • - ■■" . . ° • . ■ ' ' \ " 

In 1976, the PLATO system at. the University of Illinois was electroni- 

. ' ■ . _ ^ • . ■ " ' . . V ; . ■ ; ^ 

cally linked to the Contjr^l Data PLATO system at Arden Hills, Minnesota.'" 

Through this link, any teritiilial on ojie system («an operate .on^ the other system, 

?. ^ ■ 

so that all of tlifese services are available in' a network: For example, elec- 

■ ' - : . ' ^ •"■ ^ . • ■ 

tronic* mail can be delivered from a terminal connected to the Urbaiia System 

^(locat^ed say in , San J3iegoJ to a terminal connected to ^the CDC systeiiT (located' 

• ■ \ " ■ • ■ ^ " 

perhaps in Baltimore). In addition, 'lesson materials, software, and dataware 

transferred from' one system to the other through this Ifnk. . ' 



J^ecoines possible to visualize a national netvrork of PIAXO 
systems providing these and other services to institutions and individuals. 
The.ia^act of thiS". new medium is difficult to estimate, but the potential 
.for ingaroying communications and access to information is immense. Pro- 
perly applied, this potential can have profound social and economic benefit 
to the nation and t:o the world. The NSP program discussed in this report ha: 
brought cotnputer-based education, ^d more generally ^con^uter-based infor- 
Hiation/cbiiStcations networks, a large st^ closer to this vision of the 

future. ' ' 

• ) 
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2. PLATO SERVICES ORGANIZATION 



^The PLATO. Services Organization (PSO) was established in the Fall 
of 1973 to provide many of the services' needed by users of the PLATO IV 
system. ^ Among these were documentation of the system andj language? assis- 
tance on evaluation questions;, training of authors, instructors' other 
classes of users; allocation of scarce system recources; and general liaison 
with the user corami^ty. (Obviously; mc|Bt of the'sa services had existed in 
some form in the past, indeed throughout the > PLATO i;il and early PLATO IV 
eras.- For much of that timey William dolden.was in charge of general ^iaison 
and respurce allocation. Elisabeth Lyman kept records on the ownership of 
files and allocated the tentjihals controlled by CERL. R. A. Avner assisted 
users and CERL on matters of evaluation. A niiinber of indivijd(uals provided 
training for new authors, and James Kraatz devoted most of his time to con- 
sultation with authors on questions concerning the TUTOR lan^age. The 
creation of PSO was, therefore, a matter of expansion and coordination of these 
services rather than the initiation oS them.) * " ► ' 

By the timfe PSO^as^ established, PLATO IV had already achieved" a nation- 
wide network of users. That fact, the relative inexperience of the users, and 
the unique capabilities of^ the 'PLATO system suggested that we concentrate on 
on-line pro^^^tires for training and consultation. Otl)er nationwide computer 
systems existed, b^t these could generally assume that their user:s were familiar 
with the terminals and computer languages to be used. Such users need only 

. \ • ■ 
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find experts 
were unusual 



, be taught the peculiarities of the specific system, not tljie system in 
its entirety. Also, at most locations novice users could 
who might help them. In the case of PLATO, our terminals 

\ 

and highly sophisticated. The language we used was generllly unknown. 

r 

Some of the* functions, e..g., running classes inclu^.ed-the 'setting up of 
routers, class rosters, data collection mechanisms, and the analysis of 
student data, have, no .analogs in typical con^puter usage. \Ji great manylT 
of the usels were complete novices who had never ^|5^g^^on a computer. 

Finally, the PLATO system, then as now, was undergoiJn^ rapid development 

/I ■ . 

which meant that even experienced users required frequent retraining. Thus, 

V 

the entire PLATO community had to be trained from Urbaria. These arguments 
had already produced elements of the "aids" system which was to become the 
most important part of our system documentation. v. . 

Originally, "aids'-' was ^ to be a set of PLATO lessons that helped users 
understand the TUTOR language and simultaneously served as a reference 
manual for the experienced author who might forget details. Some of the 
lessons provided interactive training by which an author might practice the 
use of TUTOR co^ands before entering , them into his own lesson. It has ex- 
panded into a rather, complete encyclopedia of PLATO, the" bulk of the con- 
tents is still related to details of the TUTOR language, but there ^re ^ub- 
stantial portions of other aspects of PLATO: the use of PLATO, bibliographie 
of other sources of information, instructional design considerations, etc. 
The PSO^ author group has devoted more of its time to the writing. and mainte- 
nance of "aids" than to any oth^ project. Acceptance by the user community 
has b^en extremely gratifying. miring tihe last complete calendar year for \ 
which statistics are available (1975), "aids" was used by authors more than 
600,000 times which meant that on the average, each author consulted "aids" 



once in 40 minutes. The mean ^waiting time after an author made d request 

and before relevant information began to appear on his screen was 3 seconds. 

Current sta^t is tics (August 1976, a rather slow time of the year for PLATO) 

show 773; 5 users per day requesting answers for 190.0 questions. All parts 

of the "aids" encyclodedia have been completely rewritten several times, 4. In 

addition to major rewrites in which whole chapters are reworked so as to 

better answer the questions we hear users asking, there are daily corrections 

to remove errors found by users and to'keep it an accurate .description of 

the ever-changing TUTOR langriage and PLATO system. We usually achieve our 

goal of making relevant changes to "aids" within 24 hours of the time the 

system programraihg^ staff announces new or changed capabilities, 

Wliat we have, then, is an encyclopedia of several thousands of pages 

(more than 100 separate PLATO lessons) prganized into chapters, each of ^ 

which provides both an overview for the interested reader and individual 

descriptions of TUTOR commands and system capabilities. Access to the. cor- 

rect description is available to an author in two ways,^ He may epter the 

"aids" lesson as he would any -other le^,gon, read through the main , index 

(chapter headings), choctee a chapter, and then read' through the appropriate 

• • • , 

sub- indexes until' his questions are,, answered. Authors interested in over- 

■ ■ '■ , - ■ ' * 

views are best served this way. The author seeking fine details about some 
topic he believes he gSherally understands goes directly to the relevant j,n- 
formation by entering a keyword or phrase. Typically, the sequence is ^the 
following: an author is Working in the TUTOR editor; he presses the "Q" key 
and types a key word (even most misspellings will be recognized); in a few 
seconds he is looking at information relevant to his question'. When his - 
question has been answered, he presses the shifted BACK k§y and in one' second 
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or less is returned precisely to the place in his lesson where he was 
working.' No printed docvutientation or network of hvutian consultants could 
match "aids') for the provision of accurate and rapid author assistance 
day and night throughout the nationwide PLATO community. 

One should not conclude that human consultants are unneeded. ,They 
are necessary. For PLATO, the same PSO group which writes and maintains 
"aids" serves as consultants to the user community. They perform that ' 
service from our offices in Urbana via the system itself.* An on-line 
consultant . service was implemented with the -following features. any 
time ah author may press the' TERM key and type the word "consult;". 'Hi^ 
fact that someone needs assistance is transmitted to the terminals at 
which consultants are wording. When he is free to do 'so, a consultant 
■ checks the list of people waiting for help and offers his service to one 
Of them. During the consultation sessiori, the consultant can see the con- 
tents of the screen of the consultee. The two of them can converse by 
typing one line at -a time which appears at the bottom of both screens. 
Although we->can only guarantee that, consultants will be on duty during the 
^nprinal working week, 4Vi;fA.c^ 'Weife . are usuallj/ consultants' available most 
.■^qlekday ^veningS and of te?i'cq>}' weekends'; . Additional . consultative help is' 
provided- v<>luntaril3^'yi;i9.^;-^/thX j systems, programming staff.' -Thus, 

authors .find human ^i^Xp^^^i^.^ii!Sc& .-tiine -^hi^- they .might need it. " Clearly, 
in addition to serving the%eeds of the users, this service provides fefedback 
to the consultants about those aspects of the system which are corifusing to 
users anc? which need be better described in "aids". Although we liave just 
begun to keep accurate statistics on the use of tl^ consultation service, it 



is generally agreed that the rate of use is two to three' dozen requests 
per day. That number does not include a substantial/ number^ of requests 
for help which come in other "unofficial*' means sucl/ as th^ systqm * 
^•talk option", the public telephone, or in person visits by authors. It 5. 
^ also fails to include the one or two follow-up communications which many ' 
consultant calls require. Limited' evidence indicates that authors typi- * * 
cally wait about 8 minutes before Jreceiving help from a consultant and that 
a typical consult interaction las^s for about 11 minutes. Again, that time : 
does not include follow-up. wrfits"^ for service of much longer than the 8-- 
minute average sometim^^/^cur when all of the consulting staff are called 
to a meeting or >drly in the morning when none of the staff are likely to 
. be present. . - v 

Because of their experience and skill in communicating ideas to users, 
the^ PSO staff has been asked to produce other form^ of on-line assistance to 
users. They have written "help pages" available in the TUTOR '..editor and 
-other system lessons. They also produce thW: text ^or^^ error dMgnqtses seen 
by users when either a condense or execution"" error occurs. Iii these and, all 
our efforts, we work very closely wjfith the system programming staff. 

The PLATO library of disk files numbers- about 17,000'. 'These are lessons, 
and a variety of data files. Elisabeth Lym^n and hex staff keep track. of all 
those files, their creation, renaming, movement among the various disk packs,' 
and destruction so as to assist authots who 'from time to time "lose" Some of 
the. space assigned to them. This effort is primarily a manual one and probably 
unacceptable as a permaner>t part of the PLATO system, but we have always pro- 
vided .the service.- In the process, ^|rs. Lyman's staff' gains ttie knowledge 
needed to advise users about what curricula are available' on PLATO. Until a 
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functioning catalog o'f available lesson^is providedf' on the system, that 
service is v^ital. When such a catalog is avaiiab^ the same staff will 
maintain the catalog. In recent months, we have begun to offer lessons 
for coirSjfercial publication.. It seemed natural tkat Mrs. Lyjnan's knowledge- ^ 
^ able staff handle th^.^any.and detailed communications between publisher ^ ' 
and' authors. * ' 

Still another function of the PSO staff concerns th^l^te^^tj^g of be- 
ginning authors and upgrading of the trainings of authors. Ideally, this' too 
would be performed via the system; and the series of lessbns entitled "intro- 
tutor" provides a limited capability along that line. However, we have re- 
peatedly demonstrated that concentrated training by skilled instructors pays 
off. We recommend that new author/ come to' Urbana for at least a week and 
N preferably several weeks if they^re going to enter a serious lessbn develop- • 
meht project.^ Lack ^f . foresight, time, and travel money prevent most authors 
frcm taking a'dvantage of our otherwise free trainings services. Nevertheless, 
th ;re have been enough students to permit' us to develop a rather effective 
1 b/g:(nning training program. It 'deals mostly with elements of the TUTOR Ian- 
^ guage and the us^ pf the PLATO^ terminal.^ More needs, to be added about effective 
use of PLAT9 in ongoing instruction and questions of efficient instructional 
design. The staff of consultants also, provides this training. ' 

^ . , s * 

Memory allocation, both for magnetic disks and for the extended core 
storage (ECS) that holds the records for. on-line users, is another responsi- 
bility of PSO. Origif^lly, PSO actually created the individual^ files re- V 
quested by all the various authors.^ Now that is done for ohly a minority of 
authors. 'Our major responsibility . is limited to the bulk ^distribution of disk' 
.space on a nip^thly ^r less 'frequent basis. Similarly, the allocation of ECS 
has been reduced to ah almost automatic per-terminal allotment. 
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^ Over the years, GERL had received some unfavorable criticism about the 
volume of information concerning PLATO available in print. PSO also has 
the responsibility to stimulate production of hard copy doqpmentation of the 
PLATO software system, the TUTOR language, educational experiments u|^ing PLATO, 
hardware inventions, etc. We did not^have the resources to employ a number • 



of professional technical writers. We could provide editorial assistance and 
, constant reminders to the researchers that documentation is vital. To a con- 
^siderable extent, those two factors did succeed in stimulating the production 
of hard-copy documentation. Some documents were ^produced without any assistance 
from PSO. Many receive^^^^^^^l^st editorial attention from PSO, and a few wfere - 
produced entirely by PSO staff. Among the pt|blicati^ns in th^ third category' 
is the series entitled ^MTO Report ^JJsers . This is\aa oc^sional puiJl^ca- 



tion sent to admin is ti?ators in charge /^of the more than 100 PLATO sites. It 
discusses policy questions and recent or upcpming major changes in the ways 
' PLATO' functions. We^ound it necessary to produce.. this series since there is 
a small but very important minority of people who direct. PLATO activities" at 

f * " ■ 

various sites and. who do not themselves use PLATO terrain-als on a d^ily basis. 

In summary, the PLATO Services Organi^tion has succeeded in d^velop^ng . ♦ 
a rich variety of informatio^nal services for th$ many users of the PLATO system. 
Most of those services rely d4.rectly upon thW'unique ijistructional and com- 
municative features of PLATO. ^ All of the services, liMe the PLATO system itse'lf 
^are under contii^al .redevelopment as a 'result 4of feedback from our thousands 
Of users. Users view 'PSO services as an integral part of the PLATO world. 
They appreciate them and rely upon them. Th^y never hesitate to tell us wh^ 
we fail, but they are also free with their praise. - 
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3. INTERNAL EVALUATION 



3 , 1 INTRODUCTION ' , 

, *■ t ■ ■ ■ . . m 

All major groups within CERL are involved in some aspect of re_sGarch 



and/or development. As a result, mos'^collect'^nd evaluate data vhich can 

2ibute' to a ^tter understanding bo\h of the curr^ent status of the PLATO 
m^and of the ef f^tiveness of alternative applications of th^ system. 
The PLATO Educational Evaluation and Research Group (PEER Group) serves as 
an in-housfe resource for this effort by supplementing the evaluation 're-"'"'^*~ 

sources of individual groups and by performing appl:^d educational research 

. <f ■ ■ ■ 

■ of general benefit. to users of the PLATO system. 

.■ ' ,'"»'■ 

/The inajor goal of PEER Group ^ujJjport of work under, the NSF contract was 
. . ' • ■ V. ■ ■ , 

in providing data for impro^veanent of services. Efforts included 'measurement 
-and dociamentation of-system availability, monitoring 6f sydtem acceptability 
by users, and aid in formative evaluation and instructional desigji to th^ 

various curricular groups. , As " will be ' detailed'.below, We latter" function ' 

■ ■ ^ ■ ^ ' ^ />- ■ 

was Ixmited both by .thf^ small .number of^ qualified personnel available and a ' 

desire to insure that the Demonstration project not be a "hot-house" effort 
nurtured by prof essional support unavailable under normal conditigns. Members 
of the group also provided direct support to the. external evaluator, the Edu- 
cational Testing Service (ETS) ,= and its subcontractors where coordination or 

' ' X ' ' 

aid was required in .collection of special evaluative information. 

■ ' ^- ".v.^ . ' • - ^ 
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'Wiis section will summarize datajwhich ^ovicje an indication of the ^ 
degree of (1) system accessii;ilityyM:2) ^usei:^ceptance, aqd^) instruc- 
tional 'ef fectiveriess. A- summary of evaluation problems * encounterecl during 
the National Dembnstrartion will complete the section. 

3. .2 gYSTEM ACCESSIBILITY . ^ 

■J * • 

System accessibility is^ the basic recjuiatfiment for effective implementa- 
tion of CBE. It is determined by the degree to which. (1) hardware is physi- " 
cally present, (2) system components function reliablyjL (3) the system per- 
forms within design specifications, and (4) these specifications/permit useful 
:i.n^tructxon to be presented, iirherever possible, data on these factors have 
been collected by techniques intended to reduce reporting bias. Results have 
been reported to users in open files to permit a ccmtinual independent audit 
of accura05r-and appropriateness. ( Personnel from NSF. and ETS. have additionally 
naa access to systems data not normally provided to general users of the PLATO 

\ ^ 

system. * \ / 

3.2.1 Availability and Reliability 

The firstj t^^?o • aspects of accessability ; ate summarized in TableT! 

The data in Table 3.1 give a very conservative estimate of tl>e reliability 

of a' system in stable operation. I*or example, terminal availability data 

include down-time during night and weekend hours (even thdugh maintenance 

*v . 

, ✓ ' *• 

service would not normally be expected at those hours) because terminal use 

■ • '■' ■'. . 

is not limited to "office hours." Similarly , this down-time includes travel 
time to terminals that were over 1000 miles from Urbana and which were not a 
pairt of the Demonstration. Constant modifications in hardware and software 
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TABLE "3.1 ' . 
PLATO SYSTEM AVAILABILITY' 



) 



I 

HARDWARE^ 

Terminals 

purchased 
in place 

^Audio Units 

Touch Panels 

USAGE^ ' ^ 

Thousands of terminal 
hours per year 

Average hours p6r 
terminal per week 

reliability'^ 

Central system mean 
hours to interruption 

Mean hours of inter- 
ruption - V- . V 

.Probability of class 
hour interruption ^ 

Termirtals-Mean weeks 
to maintenance 



1972 



1973, 



1974 . 1975 



1976 



Mean hours down per 
month per terminal 

Total System 

% Total hours 
terminal time usable 



200 
200 

1 

'o 



138 



26.5 



304 


^801 


921^ 


950 


304' 


780 


<*93 • 


921 


4 


72 


82 / 


197 


31 ' 


111 




717 



348 



26.5 



7.24 



.10 



.14 



5.21 



7.6 



676 1,105 .1,189 



23.9 25. .4 



25.4 



6.51 11.90 16.60 



.23 



.15 



;34 



.12 



,29 



.10 



7.35 11.58 13.24 



95.9 



1^.6 



94.4 



10.2 9.6 



94.3 



95,0. 



Terminals "in niace" were determined by phsical inventory. Not .included were 
^erminals^J^i^eran^it between sites, terminals being Wpaired, or terminals 
not actually in use. ' / 

(TABLE 3.1 Continued) , . 
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tTABLE 3.1 Continued) 



Usage prior to July 1974 was based on. manual sampling at periodic ^ ^ 
intervals. After that date usage was^ Based on a program Which auto- 
matically recorded use of every terminal once each hpur.^^ 

■c ' ' • ' •> . A, , 

Central system reliability based on automatic recording routine. 

Terminal reliability based on data base attached to on-line repair 

request progi:^. Note the increase, in mean hours of interruption '.for 

the central system in recent years. This effect is due to elimination 

of minor problems from the mix of system problems-. What remains are 

largely hardware difficulties which\occur upon inifftallat*ioh of new 

equipment and which typically require more time 'for solution. 



\ 




t. 



vjete als'^^ being made Und tested) dujfing the period covered/ A commercial 
. installation which ^^ s only tested versions of softw,are produced Ky this 
system currently shows^reliability figvires approximately twice .^^s good as 



those shown here. The software sectioh of this report indicates the bene- ■ 
fits and justification for continued 'ihodification of an operating system. 
Very" briefly, the modifications being made at this time are of a nature 
that go beyond t-he present state-of-jthe art. Hence, . complete evalyation 
requires that they be tested under conditions of full system load or within, 
the context of an actual instructional^situatiori. ^aturallj^ pxeliminary 
testing is always done during hpn-prime time ("prime-tM^ consist's- of the 
hours from 7:40 a.m. to 10:00 p.m.^ Monday through Frid^ and 8;00 to 12:00 a.m. 
on Saturday- — the time during which service of highest reliability is provided) . 

^It will be noted that about 94 to 95% of 'total prime time has actually 

" y ■ • . . • • '■ 

been available to users since 1973.r; This figur»B is unfortunately not an ade- ' 

, ■ ■ ' ' J. . - ■ A. 

quate indication of the quality of service provided to instructional users. 

Uniike m^ny time-shared computer operations, instructional users are as ^ 
severely affected by interruptions of servicfe'.as by lost service. Abetter . 
. indicator of quality of CBE service is provided by knowing the probability 
-of a dag's hour l^eing interrupted. A study of new instructors indicated, .. ' 
for example, that knowing the percentage of scheduled time that their class^ 
was able to use PLATO accounted for- only 21.8% of the variance in their atti- 
tudes toward system reliability while knowing" the percentage of hours inter- 
rupted, accTounted for 62.4%. Thid^ study (which ^^s^eing performed as a part 
of" a contract with the Advanced Research Projects Agency of .the Department 
of Defense) ' also indicates 'that* instructors who experienced interruptions in . 
less than about 3% of the;Lr classes perceived PLATO as sufficiently reliable 
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for instructional 'us^. fTnose. who- experienced' higher inter- ■ 

• ruption geijerally perceived JP.LATO as being unreliable for instiruc- 
tional use. Because hardware moqlifications' often caused brief period^-.,^ 
of very low- reliability , the yearly averages- reported for probabilities 



of class-hbur interruption. inS^e above table, are well above the rat.es 
actually observed by most instructors. Thus, ''a gr\)up of 24 new instruct 
tors vho used PLATO for a total -of 822 class sessioiis contained only five 
who expressed a belief that PLATO was too unreliabli. - This was despite 
the fact their experience had been obtained during a period when two ^najor 

. : . . ■ ■■- - :^ '.. / ' ' ' ■ ■ ■ • ■ ' 

, additions" of hardware had caused severe problems for over a two-month 
period. A group, of 109 Community College instructojrs also** saw\ system un- 

. ^ ' ■ ■ - ' ' - 'V"' ' ■ 

reliability as a relatively unimportant factor in us 



e of PgATQ. Less than . 



6% felt that various aspect's of system unreliability were a "major problem." 
Th,e problem most often indicated as, a "major probleih'' (by lS»6%)' was .the . 

— • . ' ' • ^ ■ • ■ . . , \v : . - ■•- .. - 

lack of enough; terminals for all* students v/ho desired ^to^se CBE. 

3.2. 2; Desic^n Standards ' ^ ^ 

The PLATO system depends on three major design factors'^ These have to 
do with permitl>ing students to have rapid access to a speeified quantity of 
computer ^nd storage resources independent of "system load.-^ Specifically/ 
,in order to permit smooth operati without, hesitations tha't-micrht be inter- 

• " • " ' A' ■ - ' ' • ' ' 

preted by the student as a failure for a response ^^tq be accep^d?, response 
times for key inputs for students in lesson, materj^al are expect^i^^.^e^less 
than 0/2 second- Also, each, student should iDe able to use materialis' th^t ' 
execute 2000 computer instructions per Second and access disk storage* an 
average of once each minute. Meeting these specif ications is of little 



practical interest unless there is also evidence that useful student 
operati9n pan be done at ' such levels of, access to - resources. Sampling 
of key j»cho times undeif a variety of system load conditions has indicated 
that attempts to ihake system service load-independent have been largely 
succe^ful in this ^rfea. In general, it has been found that the probabiloi.:ty 
\is at least .99 that 99% of key .echo times will fall below the sta'tStical 
tolarance limit of' 0.2 seconds regardless of system load if the student is 
using lesson material that is itself within design limits (i.e.— load inde:- 
pendence^is insured by limiting the Igad that any individual user can place 
on the^ entire system). To determinerif these other design limits permit 
/'^asonable Applications of CBE, recoids of all users of the PLATO system 
were examined in edrly December, 1976.' Of the 27,731 records, ^2,401 (80.8%)' 
were>for individual students and^ the balance, were for authors, instructors', 
Vor for special multiple-student use (commonly used for demonstration or other 
non-instructional application^) . The records summarized usage for pe'riods ' 
of up to several years in some cases and included a total of over 1 million 
hours of terminal' experience. Table 3.2 indicates ."centile points' for total* 
hours, TIPS (Thousands of Instructions Per Second), and DAPM (Disk Accesses ' 
aPer Minute) for stude/it |j||f3 other records. 

For students,:' 85. 5% of jrecords averaged less .tl:;an,2 TIPS and 75% of re- 
cords averaged less than 1 DAPM. Thus, the majority of student records appear 
to have. been able to stay well within the design limits. ' 

3.2.3 System Utility - ^ 



U?age by individual 'students could also have been f|r higher for brief 
periods .without degrading either system operations or the it own operation 



33 



TABLE 3.2 
USER DEMANDS ON SYSTEM RESOURCES. 



Centile 



Hours 

S'tudent Other ^ 
^ 



' TIPS 
Student Other 



« DAPM 



Student Other 



50 ^ 
_ 75 . 
90 
95 

Note : 

Entries for each centile listed indicate the upper bound for 
that quantity. For example, 75% of students had accumulated no more 
than 10.6 hours of system use. 



3.9 


17 


c 


.75 


2.31 


.41 


1.69 


10.6 


113 




^ 1.28 


'3.87 


1.00 


3.32 


34.8 \ 


468 




2. 52 


^5.53 


2.69 


5.43 


41.9 


'948 




3.55 


6.78 


. 4.51 


'8.15 










<9 
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since the peak usage of one student is likely tc/ coincide with a period 
of low usage for other students when^^uf f iciently large numbers of users 

share the^ same resource. That thiafis possible is suggesteci by the fact 

/ 

that some students and most other users actually averaged higher rates ' 
than the design levels (thus indicating that th^ resources were in fact 
available).' ^n. addition, contact with instructors of ma'jor courses indi- 
cated that there were seldom ai>y^ indications of student operation being 
degraded as a result of 'excess demand on resources (users with author^and 
instructor records could'and did, notice degraded service during peak 
usage since they had lower priority than stiudents in accessing resources 
beyond the design limitations) . Only one major curriculum area (computer 
science) consistently reported degraded student performance. In this 
case, very sophisticated materials which permitted students to si^nulate V 

operations in a variety of computer languages madev' demands on system re- 

■ 

sources that were far beyond design specifications. Materials of similar 
levels of sophistication in the areas, of chemistry and physics, however, 
showed demand levels that were well below the design levels. Thus, it • - 
appears that the design specifications of the PLATO system do p^n)it useful 
instructional materials to be supported in a wide variety oJ^--STjbject-areas . 
i 

3.3 USER ACCEPTANCE - . • 

rrhG second requirement for effective system implementation is the pre- 
sencje of user support.. Special efforts were made throughout the Demonstratio 

period to insure that students and instructors who used PLATO also served as 

/ 

expert sources of information for modifications of software and courseware. ' 
These efforts were primarily ihtended to insure that erroneous preconception^ 



of how CBE should be used would, not' dictate actual design. Secondary 
benefits of the approach included direct production of materials by 
members of the institutions Jand a general acceptence of PLATQ' as a tool 
for aiding instruction rather than as simply a technological gimmick. 
Individual descriptions of curricular projects found later in. this re- 
port contain evidence of such widespread user acceptance. This infbrma- 
tion will'not be repeated here. It will, however^- be useful to consider 
some overall measures of acceptance. At the institutional level, the 
best evidence for acceptance is the fact that, despite severe financial 
restrictions, every community college which was part of the Demonstration 
has underwritten the major costs of continued use. At the elementary 
level, funding was simply not available despite continued interest by 

V . ' ■ 

teachers and students^ A restricted implementation (with equipment costs 
underwritten by the University of Illinois and the State bf Illinois) does 
continue in t^ie elementary schools. Tables 3.3 and 3.4 below indicate 
that the average rate of usage of terminals at these sites has remained 
essentially stable through this change in support. Since there are large 
individual differences among sites in the number of scheduled school days, 
the figures in these tables should not be used as an indication of ter- 
minal usage during class days. 

TABLE 3.3 
Community College Usage 
comparison of E^xternal and Local Support 



\ 



Total Terminal s Total Hours Hours/Terminal 

November 1975 (NSF S'upport^^ 118 1 1,092 94.0 

November 1976 (local Support) 1 18 12,043 . IOIj^.2- 
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< TABLE 3.4 ' ' 
Ele'|ientary School Usage 

Comparison of External and Local Support 

r - ' 

Total Terminals T^tal Hours Hours/Teminal 



November 1975 (NSF Support) ^ 98 3,898 39.8 

November 1976 (Univ. Support)^ 60 2,430 40.5 



An opinion survey of .109 community college instructors who had used'pLATO 
for at least. one samester indicated generally enthusiastic attitudes, 'in re- 
, sponse to an item asking if they would use PLATO- again if they had a chance, 

I 

the following 'responses were ob;5erved: 

TABLE 3.5 
Instructor Response. <S 



Response 


Number " 


Percent 


Never ' 


0 


0.0 


probably not 


1 


0.0 


Not really sure* 


6 


5.5 


Probably would 


32 


29.4 


Absolutely! 


70 


64.2 




109 


100.0% 



The_ major advantages of CBE seen by /this group of experienced instructors 
were that it permitted instrijction of a type not otherwise possible (e.g. " ' 
individualized .attention and real-time simulations of chemical or^biological 
experiments) and that it gave the instructor a better idea of student needs. 
Even the disadvantages of CBE most frequently cited by.^this^ group could be 
considered as favoring CBE. The two disadvantages scored most frequently by 
the group as "major problems" were insufficient terminal for all students 

.(mc^st site^ had only 24 terminals) and insufficient computer" memory to perjnitK 

open access to all available materials for every student. 

in addition to sites supported as part of the Nafeionai Demonstration,- 

mar>'y other organizations maJce use of the University of Illinois PLATO system. 
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Table 3.6 summarizes these users by type. In all cases except "elemen-. 
tary and secondary schools", terminal usage is being supported by the 
institution involved. No efforts are Vnade to interest new users in the 
system since demand for access far exceeds current or planned resources. 
New users are, however, being served by Ahe Control Data Corporation which 
is rapidly expanding facilities on commercially operated PLATO systems. 
^^^^^ these commercial systems are currently in operation in North 
American with many others planned. ' . 



TABLE 3.6 ' ' 

Major Users of Urbana PLATO System as of December 1976 
Type of User " Number of Organizations Number of Terminals 



Universities 36 

Community Colleges 6 

Elementary and Secondary * 5 

State and Federal Government 11 

Military ijjK' ' 12 

Commercial 8 

System Support and Research 1 

79 



Note: 



461 
119 
64 
49 
90 
12 
64 

859 



The users shown here are limited to those with dedicated communications 



lines to Urbana. Additional users with lower rates of 



access , 



3.4 EDUCATIONAL EFFECTIVENESS" DISCUSSION 



usage share dial-in 



CBE is a medium rather than a specific instructional treatment. Thus, 
a demonstration of superior teaching by CBE is in itself of little value * 
Other than as proof that the medilim do6.s not hinder instruction. The field 
of educational innovation has been plagued by projects in v^ich the* highly 
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motivated originators of an innovation are .able to shovr dazzling remits 
which, \infortimately, dwindle to rionsignificance when the device or tech- 
nique'is used under more realistic conditions. Both to prevent such an 
unrealistic "demonstration" and to maximize chances for observing novel 
approaches to use of #<Iije medium, the PLATO curricular- development efforts 
made maxijtium use of personnel , from the ^^^titutions. Personnel employed ,i 
by CERL to provide the* day-to-day contact, with these institutions for 
coordination and c'ommunicatiohs were typical of the population of educators^^ 
who might be hired to provide such services on a permanent basis by organi- 
zations which had the limited financial resources characteristic of educa- 
tional institutions. 

A toral of 66 persons w^re employed diuring the duration of the National 
Demonstration in the areas of development and management of curricula. The 
medi^an salary paid was $10,500 per year and most had either bachelors- or 
masters-level degrees (usually in some field of education). As might be 
expected at this salary level, turnover was rather high with a median diira- 
tion of employment of 12 months (mean 16.25 months). Some personnel did 
have higher qualifications, a longer period of emplojmient, and/or a higher 
salary. During initial implementation efforts, for example, personnel with 
special qualifications in adult education and implementation of educational 
technology were employed temporarily to smooth'the introduction of PLATO into 
the community colleges. Curricular development teams alsts^ tended to have 
personnel with more experience. However, during the entire project only six 
persons at the doctoral-level were employed in curriculum development. Wtiile 
a few of these people had experience in various curriculum development pro- ^ 
j jcts,, none could be described (at the time of their>empioyment ) as an 
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"expert in CBE cupxiculvmi development". With, rar'6 exce'jDtions , they were 
learning to \ise a mediiim that was totally new to \ them. 

Professional support from experienced CERL employes was largely 
limited to aid in'^ learning use of various feature!^ of 'the PLATO system. 
Initial support in ^^e area of instructional design and evaluation was •. 
supplied only iDy personnel who had CBE backgrounds roughly equivalent to 
those of the curriculum^es t^ams. L^ter support in formative evalua- 
tion was given by persons 'with substantial experience in CBE,. but was 
liinj^ed mainly to aid in test design or analysis of %ata required for 
special reports as part of the National Demonstration. Thus, materials 
produced by these groups should be representative, of what could realisti- 
cally be expected of persons who were qualified in their subject-matter 
fields, as teachers but who were not highly experienced in use of CBE or 
(in many cases) in the management of major curriculum development ef forts - 
The results of this approach are eyideat in the sections of this report 
which cover each subject-matter area. In brief, an impressive quantity - 
of jnaterial of commendable quality resulted. The approach is probably not 
the .most efficient method of producing effective instructional lliaiterials, 
but it did provide a good deal of data on author behaviors. Thes^'data , 
are now being used jto complete several studies on general techniques for 
effective use of CHE under a project funded by Advanced Research Projects 
Agency. 

^ In several areas, personnel from the curricular design "teams *m^de 

^ J X 

substantial contributions to tools and techniques thatjR^e of value' to all 



users of the PLATO system and,' ultimately, to users of all flexible CBE 
systems. One example is the collection pf data on student interactions with 
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CBE materials. PLATO allows one to store detailed information on such, 
interactions for each student. A basic program for storage 'i^odSn^alysis 
of thW^e data was written by itembers of the CERL evaluation st^f . This 
program was extensively supplemented and expanded by members of the CERL ' 
Community College staff and was used to provide summary tables, graphical 
displays, and statistical analyses of value in lesson and student ev^ua- 
tion. . Techniques suggested by the experience gained in analysis of the 
great variety of data from the varioui community college efforts are now ' 
be|ngf. developed further under separate funding. For example, promising 
relationship^ have been found between performance bn standard tests and 
selected student behaviors within CBE lessons. - - ' 

Evaluation of effectiveness of instructional materials will be. ifone 
by the external evaluator (ETS) . However, it will be useful to'considfx 
one major generalization ^at may be dr^wn from formative ; evaluation data. 
Projects which tended to use CBE as a treatment rather thanas a medium 
did not produce materials which showed great successT^ Simply generating " 
instructional materials (even materials that made exemplary use^ of features 
not available through any other medium) is not sufficient to ipsure effec- 
tive instruction.^ As with any medium, success goes to the instructional 
desigjjaer-who takes special pain^-^t^ insure a match between ndl^ds and abi- ' 
lities of student, nLds and ^{bilities of teachers, and desigrf of ingtr'uc-- 
tional materials. 1ln j^ohe. leaser of such care will be clearcu^. 

In Coraniunity College Math,>^&r example, a comparison between a PLATO class 
and a non-PLATO class on ariv ETS -administered performance test showed signifi 
cantly higher mean scores fdr the PLATO group (t(48) = 3.168, -a difference/ 
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this large or larger would occur by chance alone only 3 times in lOOQ) . 
In other c^ses, the normal "noise" of intact--group comj^airisons may obfus- 
cate^esults. Table 3.7 shows results;^ of three tests for a PLATO-non-^PLATO 
compaisison (again in Math) . ; , { ' - \ 

. • ■■ :■ . ^ - \ ' : ■ 

; . ' TABLE 3.7 • 1 , 

Performance Scores for Hath Stoidents ' ■ . 

. , Prerequisite Pretest Posttest 

PLATO 18 . 58.11 (21.80) 12:44 (9.85) 35.39 (9.89) 

nbn-PLATO 22 71.91 C16.57) 11.23 (8.30) 32,59 (10.42) 

Notes: r. 

Entries are mean scores (standard deviation) . "Prerequisite'' 

scares are for a test of skills that were prerequisites -for the course. 

II ■ * ■ • 

Pretest" and "Posjstest" scores are for test's of the skills taught in the 

. ^ . ' ' . ' 

course. Both sectioi^ were taught by the same teacher. ' 

Scofes on the "pretest" Cwhich covered only the material to be taught) ' 

as well as the "posttest^ showed no significant difference between the two 
• ■ / 

groups. However, a test gf^kills which were assume'd to be prerequisites 

I * ^ ' * ■ 

fot the course indicated that the PLATO group actually did not begin the 
course with all the -s'^j^ needed to understand th^ instruction to be given. 
Thus, the PLATO group started at a lower point and ended at a slightly higher 
point than the hon-PLATO group. When this difference in starting levels is ' 
Statistically .compensated- for by use of . analysis of covariance procedures, 
the PLATO group is shown to have learned significantly Inore than the non- 
PLATO group ,{F (31, 36)= 12.099, a difference this large^' larger would be 
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■ ^ . 

expected to occut by jchance alone only 14 tijqls in 10,000)., The niajor 
reason the PLATO materials were able to cope with"" students vho vexi^ * 
strictly speaking, not prepared for the course was that a great deal of 
care had been given to determining the actual (rather than assumed) levels 
of student skills. It had been noted that many students were entering 
these courses without an adequate background. Therefore, materials were 
designed to permit such students to ta^e special remedial segments where 
needed on an individual basis. If the materials Had not contained automatic 
remediation, i^: is likely that loony students who did not have the assumed 
prerequisites *WDuld haye been fprced to drop out of the course. In other ^ 
instances, theWnstructor might have been automatically alerted vrfien PLATO 
•deteqted a stifident with problems that could be alleviated by individual^ 
attention. THs^^^pbint to be noted is that CBE materials can be ^f.ective 
only when they ire desigi^ed as a part of the total instructional setting. 
In addition, CBE is' likely to be particularly effective'' when it is used to 



adapt instruction to the needs of students with widely differing back- 



\ 
\ 

grounds. s \ 



\ 

\ 
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3.5 A FORMATIVE ASSESSMENT OF^^HE PLATO E LEMENT ARY .MA THEMATICS CURRI CULUM 

^ y I ■ " , " 

3,5,1 Summary 

The PLATO. Elementary Mathema^cs Curriculiam consrsts of three quite inde- 
pendent "Strands" — Whole Numbers, Fractions, and Graphs, all designed for use 



xn ^elementary grades 4, 5, and 6. Apparent relative success, as indicated by 
summarized performance results commvinicated to us informally < by Educational 
Testing Service, is in the order: Fractions (most successful). Graphs, and 

. . ' > <i». 

Whole l^umbers. 

r ' \ 

The Frictions Strand was quite different in several respects from the 
.other two. For example, most Fractions ^^sohs adjusted the difficulty df 
tasks presented to the student on the basis of the student's own recent per^H. 
formance> while few or no. lessons of the other Strands did s6. Also, most 
Fractions lessons used a mastery-of-skill criterion to determine wl^en ta 
advance the student to new lessons, whereas few Whole Numbers and Graphs 
'lessons had this feature. In addition, the Fractions Strand included by 
far the most extensive provisions for integration of PIATO mathematics instru< 
tlon with the regular mathematics ins true tiW of ^ the classroom ^teacher 

Since it ' is altogether plausible that dif fearenti^l pre^rxce of such 
characteristics should be related to differential success, we entertain the 
formative judgment that future PLATO work in basic skills ar^as should 
strive to* follow the example of the^Fractions 'Strand in these^espects, 

3,5,2 Thg Three Strands 

♦ 

The topics fevered by the* Whole Niambers Strand, including meanings, "facts" 

expressions, algorithms, and word problems for each of the fOur operations, are 

• * . ■ 

Ttjiis section covers only student performance ^test results. Other goals and 
outcomes are discussed in Section 4 ("Elemen€ary School Mathematics"), - - 
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mostly standard ones for grades 4-6. ^ 

The topics covered -by the Fractions Strand are also mainly standard ones 
for grades 4-6: meaning of fractions, mixed numbers., and.-'decimal fractions;, 
ordering; equivalence and conversions; common denominators; and addition, 

subtraction, and multiplication of fractions and mixed numbers. . . 

. / V ^ 

The Graphs Strand is concerned mainly with topics that are not Usually 



taught iSgirades 4-6, such as Cartesian coord^Lnates, signed numb'ers, vari- ..^ 

^ \ i 

abies, and functions. - . ^ a ^ 

EacJ?. of the three Strands was developed, by its own author group, which 

■' * V ' ' - . ■ 

had its own philosophy of education and its own approach to the use of the 

PLATO medium, and there was little formal coordination amonq the three 

group^j.v Hence, as one might expect, the Strands vary in structure, approach, 

style, and conventions, as well as in conteijrt. Thus, in many respects 'they have 

the character of three separate attempts to use PLATO in the elementary 

mathematics classroom, even though they were jointly implemented and managed 

during the two sucCei^sive curriculum trials whose results are discussed here. 

^ ■ - . • • -r ■ ^ • 

3.5.3 Performange Results n ' 

_ ^ , , _ 

Duying 1974-75, PLATO ^tnath lessons were used in about a dozen demographi- 
cally variegated elementary (4th; 5th, and 6th grade) classrooms in Champaign- 
^Urbana? the same was true in 1975-76. In each year. Educational Testing 

O - - I 

Service conducted an external evaluation study using' the available PLATO 



classes together with about a dozen npn-PLATO classes intended to be. matche'^ * 
by grade, ability, and neighborhood to the 'PLATO, classes. A m^jor ccanponent of 
each study was measurement of performance gains ii) each of the thrie' content 
^eas by. means of pre and post testing. The insfjljfcfcrnts used, one for each 
content area, were (i^eloped by ETS in consul tatlornl/ith senio? authors from 



thg) respective PLATO Strands. Except fofr a modest revision of the Fractions' 

■ .,■ ' - ^ ■ -J " 

test in stunmer t&75 (which consisted mainly pf increasing the number of items 

- V " • * . / r \ 

on equivalence i and including a page on decimals) , the original three tests 

were used unchanged for both administrations in both years. ^ . ^ 

ETS has never officially communicated . to us, any findings for 'either year. 

However, we were informally given tables of item data from the 1974-75 -trial, • 

and we have informally been tpld ETS's assessment of the Strand-by- grade -Out- 

*c.ditfes for*19f5-76. Table 3.8. summarizes Strand-by-grade results for the two 

y^ars. . ^ ' 

- ' - ■ ' " ' ■ . • ' • ■■ 

Strands ^ Fractions • Graphs Whole Numbers 

Grade / '^CT • 4 5 ^6 , 4 5 6 "4 5 6' 

A ' ' . V + . ' . + 

0 1974-75. + + 0 , ^ y O .+ 0 - 0 Ov 

1975-76 '+ + + 0 + + *+*0 0 

Table 3.8 Relative performance results, PLATO vs. nbn-'^LATO, in two 
successive curriculum trials. A plus sign (+) means that PLATO showed 
significantly (a = .05) superior gains; a minus sign (-) means that jion- 
PLATO did so; (0) means ther^ was no significant difference; arid, (0+) , 
>^eans the superiority of the PLATO gains. approached ,(p<. 07) , but did 
nqt achieve, th^ designated level of significance. 1974-75 results were 
. derived by CERL from tables of item difficulty dat^, via binomial tests^ 
•of item difference scores. (The. binomial test ' s assumption of experi- 
mental independence of observations was judged to be met, inasmuch as s 
the tests were untimed, and ^ the opportunities for inter-item cueing (ex- 
cept possibly in the case o^the Graphs test) were judged to be small^') 
Results for 1975-76 were communicated to us verball^i by Spence^r Swinton 
of ETS in December 1976. 

" "' ■ ^ . ■ • ■ , ^ 

. ^ Given that the two rows in Table 3.H were obtained by dif f erenj^people, 
using different methods^ from data of two trials run undfer very different condi 
tions (see section 3.5.6d) , the degree of apparent order there displayed is 
surprising; in each year, the Fractions results appear ; strongest, the GfajDhs ' 
results next, and the Whole Numbers results Idst, And, . for every Strand,, . 
the 1975-76 results were better than the 1974-75 results ^(possibly due, in 
'3omfe— part,. '^to the better PLATO running conditions that obt;aihed in 1975-^76 
(se^ paction 3.5.6d)). . ^ , ^ 



3.5.3.1 ETS Covariance Analyses for 1974-75. 



The >::^utcomes for 19.74-75 given in Table 3^8, which computed at CERL 

from the itWn data tables . receiyed from ETS, 'are confirmed in their main out- 
line-^/ the rjesult,s of analyses of covariance performed, by ETS, based 



on 



(pMSiJimably) the same body of test data from which were computed tlie tables 
of ffeem data that we werb glVen. The relevant results of these analyses- of 
covariance^ are^immarized in Table»3.9. ' , ' 

■ ' ■ , Probability 



Adjusted Means (all pupils) 



Fractions 
Graphs . 
Whole Numbers 



.000 
.2ia 
.952 



PLATO 
5.6 
3.9 
9.8 



non-PIiATO 
2.6 
2.8. 
10.1 



Table 3.9 Results of three analyses of^^v^ariance. Each "Adjusted Mecins" 
entry is a, measure of posttest performance adjusted for pretest pe;rfor- 
mance. Each "Probability" entry gives the likelihood that^ the observed 
difference pf adjusted means /(PLATO vs. non-PLATO^ could' have occurred 
by chance alone; (These analyses werd dpne by. ETS.) , ^ 



The table says that the. like|(ihood that tahe f avorable-appearinc^^Fraotions ' 
teet result* could have occurred byj^cKance is vanishingly small ,-^hile the Li^ke- 
. lihood that tjjje-^avorabl^- appearing (^aphs test results ,c6uld have occurred by 

•chance is quite high (better than one chance in five). The observed difference 

■' . ■ " . ' ■ - ' 

in. Whole Numbers adjusted means is insignificant, since ^larger differences could 
> • ^ ^ . ^ ■ . ■ ■. •■• 

have occurrea by chance alone. . \ \ ^ 

^ The covariance results cited were conveyed to us inforinally byli^TS: Further 
details of the analyses should- be obtained fi^iji ET5> , * / v ' 



3. 5.3. 2 CERL .Matched-Pair *Ahalysis 



^ Just as, the ETS -covariance analyses for 1974-75 are 'consistent with the 
CERL: rM^it^/ZshoWn for 1*974-75 in Table 3.8, the ETS results shown in the 
3amQ ^^^^;le: for .-1975-76 are confirmed in part by a CERL analysis. 
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^or 1975-76, ETS permitted us to obtain the full 'student-by-item matrix 
for two of the ETS tests— the "comprehensive" standardized test, and the ETS 
achievement test on Fractions, We used the former as a matching instrument,* 
in order to look at the results for the letter with initial ability/achievement 
differences removed, insofar as possible. This was done mostlV to obtain 
specific information for lesson improvement, but the result^ are presented 

- ■ \ -v 

here in the jform c5f an overall caparison. 
Matching was^carried out as follows-- 

- " Tl^ pairi^ng/rof PLATO and non-PLATO classes which ETS had set up at the 

/ beginning of the trial were used as a beginning point. Within each such 
pairing of .classes, PLATO students were paired with ndn-PLATO students on 
the basis ctf the .three subscores, and the total score, of the stiandard- 
ized test. Stringent matching"^ criteria were employed, but the number of 
'matched pairs obtained was 75% of the maximum number of such pairs that 
could possibly have be^n obtained. The adequacy of the matching operation 
was checked by examiriing the me|hs and standard deviations for the two parts 
of the sample on each of the subscores , and or] the total score, of the stand- 
ardized test. For all four scores, the means were nev^r different- by mflfre 
than a few tenths of a point (.01 — . ,1 S.D.), either on raw, scores or on corre 
spending grade equivalent scores, and the stalndard deviations' were also 
very nearly equal. . . . 

Figure 3.1 shows the matched-pair results for the ETS Fractions test.^ Each 

^>ector in Figure 3.1 is* associated with an item from that test. The tail of 

e^ch vector (shown as a circled item number) is plotted at the point /deter- 



mined by, the percentages of PLATO^and non-PLATO students who passed the 
associated test item Ofi the* pretest. The head of ;ferhe vector (labeled with ar 
uncircled item number) is plotted a,t the point determined by corresponding 
percentages from the posttest."" Since PLATO is on the ordinate, a steeply 
sloping vector indicates better relative performance by the PLATO group. A 
slope less than 45 degrees indicates better relative performance by the non- 
PiATO group. As , the figure shows/ only a handful of vectors have slopes 
less than 45 degrees. The overwhelming majority have slopes greater ^than. 
that, and many of them are quite steep. 
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Figure 3.1 



Matched parr^l:ed|alts for Fractions (1975-76). Each vector 
represents an item on the ETS Fractions test; The figure 
is based on the "122 matched pairs for whom complete results 
from that test were obtained. (Sixth-grade classes Ha, Va, 
and Jo are excluded, because the old, incomplete, form of 
the Fractions test was accidentally administered to classes 
Ha and Ya at, pretest time,' and because classes Ha and Jo 
appear to have spent an unusual amount of class time on 
Fractions. ) 
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The 'probability of so many of the slopes exceeding 45° by chance is p<, 00001 
(n==36, s=31). The binomial test is justifi^fed given that the Fractions test 
was untimed and given that the opportunities for inter-item cueing were 
judged to be small. When the 19 items on equivalence and decimals, where 
inter-item cueing is conceivable (though unlikely), are neglected, the-re- 
suit is p<.025 (n=^17, s=13). The binomial test is, of course, extremely 
conservative, in that it ignores the information contained in the magni- 

tudes of the slopes and in the lengths of the vectors, "V \/ 

These results would appear marked enough to have practical, as well as 
merely statistical, significance; and they cqnfirm the strong showing f^und 
for Fractions' in 1975-76 by ETS. VJe only regret we do not have the data to 
do similar analyses for Whole ^Numbers and Graphs. " , 

3.5.3. 3 -CERL Attempt at Analysis of the Standardized Test v C 



% Because the increment of effort required was small, relatively speaking,, 
an attempt was made to analyze the .standardized test itself in the same way 
just shown for the 1975-76 Fractions data, but the results wer^ disappointing. 
Most of the vectors had slopes favoring PLATO, but the difference from 45 
degrees was small for almost all items. This is consistent with previous 
experience that multiple-choice items are generally too unstable , to repay 
this kind of analysis. 

3.5.4 Time Data ■ . \ , . 

The amounts of time that PLATO students spent working in 'the various 
Strands are. important data in connection with attempting to interpret per- 
formance results. Figures computed. from_ on-line rec^ds of student time 
in Strand-lessons are^ given in the Table* 3.10 for 1975-76. 
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^ - Whole Numbers , Fractions Graphs 
Per cent ^ 50.4% - ' 35.6% 14.0% 

Mean Hours 22.9' ' * ' 16.,J , 6.3 

Table 3.10 Measures of student time-oa-PLATO spent in lessons ^of 
the various Strands. (If times for two. disputed lessons on whole 
numbers are neglected, the respective percentages are 48.1%, 37.3% 
14.7%, and the. Hours figure for Whole Numbers is 20.8.) Times 
are given as they stood on April 30, since most ETS posttests were . 
administered just before or just after April 30. 

The figures show that students spent about as much time on Whole .Nipbers " 
'as on the other two Strands comb'ined, and that they spent relatively little 
time on Graphs. In gross terms,, the same was true for J974-1975, but precise 
figi^res 'for that year are not ava^ilable- ' ' ' { ' ' 

' Amounts of time spent by teachers, both PLATO and non-PLATO, in class 

work in the three content areas is also important to interpreting- the per- 
formance results. Unfortunately^ ^ata >f rom the retrospective "Math Coverage 
Questionnaire" which ETS 'administered to PLATO and xion-PLATO teachers at 
the end of, the 197^-^7^ trial present v^ry serious difficulties of interpre- 
tation. (T|ie' questionnaire is discussed further in gection 3.5.7.) 

Only in the case of Graphs, because responses relevant to Graphs^ ^ 
not vary much across grade and treatment, does it seem safe to interpret the 
questionnaire data. These data seem to, show that Graphs topics were "little 

tre/ted in the non-PLATO classes, or even in the PLATO classes beyond- the 

✓ ' ■ ■ ■ 

students' exposure to the PLATO lessons themselves. On the average, teachers 

designated Graphs topics as receiving "extensive cQverage [in class]" in* 

'. ,only 2.5% of the pbssible instances, whereas they designated Graphs topics 

as receiving "no coverage^ [In class] " in 72.5% of the possible instances. 

:. Thus, the finding in several cases that the PLATO classes outperformed, the 

nonx?LATO classes on"&e ETS 'Graphs test can be hn"<en as evidence that the ' 
, . i' ' •of.''' , . ■ . • ' 

O . ■ f ^ ■ . • • • 

Ems bj • • 
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PLATO' Graphs lessons teach the topics in that test to a measurable degree, 



but not as evidence that^^Xhey achiej^^^tter iresults than "convfenti^hal methods'^. 

.), 



3.5.5^ Discussion 



In Section 3«5o6, some general discussion is given to external- factors 

which might, have contributed to the' observ^ performance results. However, 

■ ^ ^ ^ . " 

data necessary to evaluate the importance of these various factors is ' 

not available to us. We could speculate further in Such dird'ctions, but it would 

seem^ more useful, instead, to examine the three Strands themselves, in* the " 

hopje of ^'finding differ^tial charact*eristics ^hich might account for "Some 

of the observed differences in performance results. Results of such an. 

examination could provide useful guidance to fyXXCte PLZV^O curriculum efforts. 

. . ■ '.^ ' ■ , 

In fact, it has been known for some time that the most successful Strand, 

Fracfions, was different in several important respects from the other two 

Strands. Among them — , , 

a. Only the Fractions Strand fully exploited the ability of PLATO to adjust 

instruction to the perfpnrfence of the sttident. Most of the Fractions, lessons 

adjusted difficulty constantly : for the -ind^v-i^^^l student cai the basis of 

. ' .-. '■ ■ * * ^ 

.his recent performance, often through 1 0*' or more levels, and (in 1975-76) ^ 

• ^ , - . . '0 

provided constant feedback to the student about his progress Jthrough the . 

Revels; in addition. Fractions lessons used mastery-of-skill criteria to 

detemine when to advance the student to new lesso^is^ Only the. Fractions ^' 

Strand was individual/ized in this. tBoroughgoiij^ sense, as is shown »by the 

data in Tc^ble 3<M . . . • , , . 



ERIC 
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nXX - XcoodriS ^cXCSp^ ^UXZGS^ 


84 


61 


% 

Required lessons 


79 


57 


Adjustive (strict def.) ^ . 


• 57 










Mastery (strict def.) 
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A^ustive (we^k def.) 


58 


8 


Mastifery (weak def.) 


57 


* 2 



Fractions , Graphs ^ Whole Numbers 

55 

• r 

0 

1 

5 

r 

Table 3.11 Characteristics of lessons of the three Strands.'-' Each 
entry is the number pf lessbns having the designated characteristic. 

'* ■ I. • . ' • ,- ' 

Lesions were classified according to both a strict and a somewhat relaxed 

^i^fjjiirtion of adjustiveness; likewise, they were classified according to. 
both a strict and a somewhat relaxed definition of mastery-of-skill criterion! 
The weaker definition in each case alJ^wed^'all reasonable borderline -cases to 
be included. . /. , - . 

There i^ no implication, of couirse, that EVERY lesson should .adjust 
difficulty and demand mastery-of-skill. These concepts are appropriate only 
to lessons whose purpose is, in fact, to produce mastery of skill, and all 
three Strands had objectives beyond^ mastery of their respective target skills. 

b. All three Strands were designed to.be used by' the classroom *t6acher 
(not to bq^independent of the teacher), but only the Fractions Strarid gave ' 
sustained attention to the problems of integrating PLATO instruction with 
regular classroom instruction. Specif ically, the Fractions support machinery 
included effective on-line and off-line student data feedback to . teachers, a 
handbook to, help teache^rs understand and use the feedback, a 100-page illustrated 
'teacheiv's guide to help teachers understand and use the Fractions lessbns, and 
extensive off-line student materials. In 1975-76, data feedback was provided 
for all three Strands in'^*the form pioneered by the F*ractions Straad in 1974-75. 
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The following tables give Some further information about the other factors. 




.r ' 

♦ r 




■* 






Fractions 


Graphs 


Whole Numbers 


Teacher ' s manual provided? 


) Yes 
/ 


Yes 


No 




X es* 


;No 




Revisions befpre 1975-76: 


A Two 


^ None 




-Edition used in 1975-76: 


JViOv i z> ^ 


Tnn HA 




Number of pages; 


108 


80 




Pages over 1/3 fuil:^^ • 


99 


45,. 










Number of illu^trcitions : 


223 


5 " 




# of screen illustrations: 


218 


b ' 





Table- 3. 12 Charactpf ijtics of teacher's manuals provided by the various 
Strands. fV , ^ ^ 



Off-linfe materials provided? 
, Keyed copy for teachers? 
Integrated with manual? 
Integrated with feedback? 
Number of pages: 
Number of tasks; 



Fractions 

#es 

Yes 

Yes 
1^, Yes 
65 

445 * 



Graphs 



t ■ 



Yes 

' No 
No 

139 



Whole Numbers 
No 



Table 3. 13 Characteristic's of of f-line^ student materials provided 
by the various Strands. 



3.5.6 Words of Caution 



The perfomance results. (JiScussed in Section 3.5.3 are those of two' small 
scale educational studies conducted under naturalistic conditions. That beirt 
so, it is necessary to give some consideration to the various alternative 
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explanations which coul^d account, inyvhole or in part, for the results reported. 
There ar^ a number of them; only a few of the more important ones will be dis- 
cussed. ' • 

a. Aside' fr^ the ^act that, -in each case, one s^fet of classes used the 
PLATO Elementary Mathematics lessons and the other^set did not, we "know 
relk^vely* little about what actually went on in the classes include^ in 

the studies. (Sections 3. 5.4 (above) and 3?^. 7 (following) also relate to this 
problem.) Thus, there is no, way to. rule out the possibility th^ parameters 
other trhan the use of the PLATO curriculum materials were importa^^\in detsr- 
mining the observed results. different amounts of teacher time sp^nt on 
different topics in dif'ferent 'classes, foy example, could have hai a large ^ 
effect on the results we have. 

b. DJfeither teachers nor students were rand6mly selected, and the total 
number teachers involved was quite small o Thus, the results observed 
could easily have been due, at least in part, to accidents of. sampling. 

One knoVn bias: -PLATO teachers were large"iy"~seif-selected. ^However, the 
differential success of the three Strands suggests that such factors, 
though almost certainly present to various unknown degrees, were not 
overriding. 

c. As is customary in educational experiments, the trial was not "blind", 

let alone "double-blind". Thus, it is altogether possible that the observed 

results were influenced by irrelevant incentive effects (Hawthorne effect, 
* ' ' , ■(■''.■ ■ ■ . \ ^ 

John Henry, effect, Pygmalion Effect, etc.).' One pqssible source of sach effects, 

■y '. 

. ' *' .... ' " , i ' 

in addition to the generally high visibility ' of PJjATO: ^PLATO teachers received 

extra pay. (On the other hand, the differential success of the three 

Strands suggests, once again, that^ such effects, if present, were not overriding.-) 
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d. The circumstances of the PLATO trials wej^e. in a niamber of respects 
far from optimal. The fact that the three, Strands were the products of three 
quite separate" groups led to some jury-rigged compromises in the way the 
curriculum was manag'ed. Particularly unfortunate in 1^75-76 was the wide- 
spread use of ^/roj^ced" or "balanced" schedules — ones where a student would 
receive main-line iastructibn in two, or even all three , different Strands 
each week. (By actual count, about 79% of all student-weeks had "mixed" . - 

schedules.) This practice entailed constant re-orientatio|i on the part of 
the students, -and' i invited the- opportunity of PLATO^ teachers to, coordinate 
their classroom work wxth the PLATO curriculum. f 

. In 1974-75, severe system limitations (system instability, inatiequate computer 



memory, and lack of touch panels) 
serious problems of other kinds.* 



prevented "mixed" schedules, but caused 
\Brief ly. Whole Nximbers and Graphs ran for a 
long time, . but under poor conditions; whereas .Fractions ran under good conditions, 

1 . ■ 

but only for a short tfime (students, on the average, completed less than^ half 
the available Fractions sequence) ; • . * - " 

In the final analysis, there is .hp way to rule out the possibility that 
all three Strands of the PLATO curriculum might have shown better^ results in 
one or both of the two years xf these various difficulties of implementation^ 
had been avoided, * . . 

ye. Except for the standardized test' and Fractions test data for ^ 
1975-:76, mc^t of thq, data on which the discussion here is based were, collected 
and processed by Education'^ Testing Service (the demands of the ETS Evaluation 
on teachers ^and students severely limited the amount of data we could collect . 
independently), and our knowlWge of how it was done is minimal. / Only summary . 
numbe^rs were made available to us for 1974-75; we have not had access to 



original student tests questionnaires! nor to student-by-item matrices 

derived from them; nor have we any" information about the standards/procedures 
which were used to convert student responses on the open-ended ETS Strand tests - 
into item scores. For the 1975-76 results, we'*'have obtained student-by- item 
matrices .for the standardized test and the ETS Fractions test,..^t we have 
only a generalized verbal report on results for the other two' Strand^. Obviously 
it is highly unsatisfactory to have so' much of the .data from these two trials 
available only in such pre-digested fojnns. 

More fcould be said, but the five points "given should be sufficient to 
persuade the reader that, while it seems possible to form useful judgments on 
the-'basiSy of the available results of the two trials, such judgments must be 
regarded as hypotheses, not as conclusions • l 

3o5.7 ETS 's Topic Coverage Questionnaire | ^ 

V < • ■ 

The PLATO and non-PLATO "treatments" were not well-define^ in either 
year's trial, and such data as we have indicate that both ••treatments" were 
inafT^dly and irregularly non-homogeneous (i.e., differ^^ teachers did widely 
varying things)". For- 1974-75, ETS has not reported any data about what the^' 
two "treatments" were in fact like (i.e., about what the various teachers- -; 
actually did in their math classes during the year). However, -at the end 
the 1975-76 year, ETS did ask teachers to fill out a "Math Coverage Questionnaire 
in an attempt to gather some information of this kind. - y^'v 

To comment adequately on this questi^onnaire. would require many pages. . ' _v • 
But data concerning teacher contriibutions is so important to interpretation of 
the test data that some general comments, at least, are required. / ^\ 

a^ The questionnaire was seven pages long and required nearly 100 
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responses, Including, 61 six-twa,/ classifications; It has the appearance of a-* 

' ^ ■ 

rough-draft, and there w^.- no preliminary field testing of it that we know of. 



b. The questionnai\^e came at the end of the year, but attempted to ascer- 



tain details of class mathematics a&tivities conducted since the beginning of 
the year — a procedure which, by itself, renders the (^ata collected rather ' 

. , . • • ■ -:. / 

questionable. • T 

> c. There is ample evidence that respondents often did riot understand 
directions, Si^ored them, or read variant meaning into them, and #ha t many 
' respondents were answering hastily. 

d. ' The questionnaire took no notice^ of the .fact that ETS's posttests 
^ were given about a month, more or less, be^re the end of school. This is ' 

important because topics which teachers covered after about April 30 w^re, . 
as ^ar as the posttests were concern^, not covered at all. However, it is 
not possible to tell from' the questionnaire data which topics were covered ( ' 
before April 30 and which after. / ' • 

e. In six cases, a single questionnaire covered classes ^ich includ^ed 
children from two, or even three,, different grade levels. In another case, 

-just one questionnaire was obtained from a teacher who taught both a PLATO 

.» / ' . . ' 

• • • . ' ' ' '■ ■ ^ 

class and two non-PLATO classes. NFor one group of PLATO 4th graders, no 

questionnaire data at all were obtained. ^ 

For these andother reasons, the questionnarie data present very serious 

difficulties of interpretation. The operations necessary to convert the ' 

raw responses into useful indices necessarily introduce assumptions and 

judgments, not previously specified, which muddy the interpretation picture. : 

still further. Altogether j> we do not believe ^it 'is possitile to extract 

from these data much that is helpfyl in interpreting the achievement test 

data. This is a finding we deeply ^regret. We hope that with the help of 

data from, classroom observations, te^ch^r logs^ interviews', Qtc.'(none of whicli^ 

are available to us) , ETS wi 11 be aSile to do better than we at assessing the 
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contribution the ma^y factors other, thcin PIt{\TO which, undoubtedly influnenced 
the observed performcince result? • ' 

^ ' ' ' • •■ ' ■ ' 

3>5.8 Conclusion to Section 3,5 ^ .. - v ' 

PLATO is not itself a treatment, cUid in particular it is not a magic 
treatmept which will always produce good results. Instead, .PLATO is a medium 
Which Ccin Ijfe us*ed* well or badly, ^^xperience with the. Elementary Mathematics^ 
Giirriculum suggests thati among the factors which can' contribute to effective use 
of PLATbv are: a) having lessons adjust difficulty in' response to the recent 
performance of the student, b) using mas tery^of '-skill criteria to determine 
when to advance students from lesson to lesson^ I^Ad c) making generous 
provision for integrating PLATO lessons with the ongoing Work of the class-^ 
room, A curriculum, especially a basic skills^ciirriculum, which does not make ^ 
appropriate use of these techniques may not be using PLATO as effectively as it 
could an(3 should o ^ 

Of course, V these techniques are themselves . tools which can be used well 

■ * ■ ' ^ ■ ^ * 

or badly. A large element of judgment, which as yet does not lend itself 
easily to "description in quantitative, terms, plays a crucial role in de-fco^ — ^ 
ipining the success or failure of instructional design and' implementation ' 
efforts. So attention to adjustiveness, m^^ery critetia,- and integration 
with teachers^, activities does not guarantee success. But, in skilled hands. 
these techniques seem able to make important contributions to success. We hope 
that continuing' PLATO efforts in basic skills areas will enable us to explore - . 
the possibilities further.^ ' \ . . ' * 



. 3 . 6 \ EVALUATION PROBLEMS 



' ' " Three major evaluation problems encountered during the National 

<Demons1:ratioh seem sufficiently general, .that they warrant description 

. . ^ * ' * • \ . _ \ ^ ^ 

^ and discussion. . / *^ , ^ 

First is- the matter of clear specification of evaluation goals ^ Ini* 
retrospect it appears that ETS and.CER[j each i^d differing views, of 
wha^ were 'proper goals of the external evalua Aon. Early ETS personnel 
concentra te^^ f o'r example, on the products of -the curriculum design pro- 
jects alf a time when CERL personnel weire poiis^inced that evaluation of the , * . .. 

processes being carried out was most important. From the^ view o'f the ETS ' - 
personnel , PLATO mad beeri plresented as a completed instructional product 
ready to be evaluated for t^e market. = From the view of CERL personnel, 'a ^ 

PLATO was a vehicle which would permit study of a variety of techniques - • - 
of implementing a new instructional medi\am. Eaph of these views could. be 
defended and little would ne gained by claiming either 'a^ "th^" correct * / 

view. The ilmportant outcome was tha'b^v^ach these organizations in follow- 

- • ' - t,^ ■ ' ■ - ■ ■ ' ■ " . 

ing what they perceived as the expected direction of th^ Demonstration wasted 
resourceis that could have been better^ used. ETS^ under the assiamption that 



initial specifications *of courseware objectives were firm,**began dev^opment 

; > . . '\ ' • ' - : . • . ' -'^ 

of tests which turned out to be inappropriate for the mat6^ia:l& ultimately 

■* . ' ' ' ■ ' . *^ ' ^ 

produced as outcomes of an evolutionary d^ign procffess. CERL, under the • ' 

assumption that, the process of learning^ to use a new mediufi wa^ of major • 

interest, spread limited resources over so many different projects that chances 

^ ■ , - . .. . ^ 

for clearcut N^uccess of &ny one were restricted. Since the differences in, " 



view]:)oirits became '^apparent only after. m^ny months, of interaction,"^ 4J seems 
clear that future p^^^r<?ipants in projects ;ior whi^ clear precedent;i;;r.are 
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not available should be very, cautious in assuming' 1:hatv general descriptions 
Of planned activities of others can be interpreted in only ohe way. t^. - 
Second, is the matter of ^conflicting evaluation efforts. 'Materials 

developed during the National Demonstrations had to undergo a format ive^^ ^ 

evaluation during production to provide designers with inf ormation-.ijneeded fo^ 
modification and improvement. They also .underwent a summative evaluation 
to determine their effectiveness as a' finished product. Since both of these 
evaluations require collection of substantial quantities of » opinion and per- 
formance, it was seen that sharing of data between evaluators would mini- 
. mize duplication of Effort and undue demands on the limited time , of student ^ 
and instructors. Since it was felt that ±he heeds of the external evalua- 
tor to xnsure ^the validity o>/c ollected data was stronger than the need 
f the internal evaiaator to insure prompt feedback to designers, ETS 



personnel agre to perform all callectjfen- of data* from off-line tests and 



^ srform all callectjfen- of data from off-line tests 
,to share these'data within a few days with.^design groups. "Unfortunately^ 



changes in personnel and fears of possible misuse of these data (to ''teach 
to the test item") resulted in delays of up to a year between data collec- 
tion and sharing^ As a result, many materials never benefited from a ^ 
^inal revision cycle based on data from students from .more than one institu- 
tion. A' solution for this problirn is not .simpleo Clearly, something 
awry when the act of evaluation" leads to -a possibly inferior product^. Yet, - 
if an external evaluation is necessary., one would hesitate to compromise " 
Its independence Probably the only workable compromise .is for both types 
of '^valuations to be carried out internally ancS'- f or the! summative evaluation 
to be subjected. to an independent audit or meta-evaluation i 

The third problem is the matter of 3pecial;^ills being needed for 
Gva lu^itions of novel technologies. There are certain basic skills in the ' 
areas of experimental desj in, dBservation, test" development, and {^a analysis 



that any competent evaluator is expected to possess. In addition,, special 
skills and knowledge must be possessed or acquired in order t© design and 
perfoinu an effective evaluation in a specific area*-^uch. as early childhood 
education or CBE. ETS" recognized this need in subcontracting certain por- 
tions of the^ evaluation to nationally recognized specialists- In addition, 
^eir own personnel acquired skill and use of tke PLATO system. The uni- / 
queness of th6 PLATO system, in fact) made it necessary even for the sub- 
contracted specialists to devote time to understanding details of this CBE' 
system 'be f>D^ they were able to make useful contributions.^! In retrospect, 
this time required for acquisition of skills that are unlikely to benefit v 

\- ' ' ■ • : " \ 

_ "tifeft^jexternal evalii^tprs in other situations seems to be a Jii^ste. of their 



^|p^^;al5!^^timer^•^^ qualified evalu^tors with t]>e^;e special" skills 

already exi^te'^d at CeVb. At no time ^during the IJational Demonstration, was 
this interna|l^ust^f f suppQrti^ for more than two full-time-equivalents of 
time for that effort. Even this level j^as present only at the end of the ^ 
Demonstration and then largely in support of data analysis (although limited 
e6w;lier suppoi:t in formative evaluation had ^been jgiven also). With limited 
additional support, generali^able studies.of CBE systems^. functioning and 
instructional design could h^e been produced by the -group [several such 
studies are.,, in fact, now in progress under support, of the Advanced Reseatch^ 
Projects Agency). Freed from having* to learn the esoteric nuances of one 
specific CBE system, the talents of ETS personnel could have been used to*- 
perform a thorough audit of the resulting internal evaluation and technical 
reports. Such a role was indeed as3umed by ETS in the case of most of the 
technical information on sys'tem usagejrand reliability. These last 'data were 
collected almost entirely by the CERL evSlufrtion staff as a part of their 

normal duties and would have been available even in the absence of an ex- 

V * ' ; 

ternal evaluation. ' . - 
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3. 1 PERSONNEL 



The following persons were members of the PLATO Educational Evaluation 
i 

and Research Group ("PEER Group) during the National Assessment. Their 

contributions to this project are briefly indicated beside their names, 

Allen Avner - Chief of PEER group. System reliability arftj usage. 
Early versions of student data routines. General aid, to Community 
College' groups in cpllection and analysis of usage«data. ' 

John B. Gilpin - Internal evaluation work with the Elementary 
Mathematics '2^£Maject. - Instructional design and test design support 
for Community College Mathematics and Elementary Mathematics^ Internal 
Evaluation of Community College English. . * ^ * 

Martin A. Siegel - Data Analysis Service Programs. Curriculum 
Corifeultant/to the Commxinity College . Mathematics/Grojap*- 

Esther R. Steinberg - General Aid in lesson design for Community 
College groupa« Internal evaluation of Community College 
Mathematics and Elementary Reading. 

Kikumi Tatsuoka - Data 'Analysis and Statistical ^rvice Prograttns. 
Design and pata Analysis of some PLATO-non^PLATO comparison study ^ 
in Communit^vCo liege Mathematics. ' ' ^ 

Tamar Weaver - Design »of student data handling procedures^ f or ..aU^ . . ' 
Coiranunity College. pro jects (except English). Consulting wi^h * 
Community Co^-leg-e personnel on gathering'of iormative\data fp^^^ 
lesson de'sign and revision. ^ ^ ' 



4. ELEMENTARY SCHOOL MATHEMATICS 



The goal of the elementary school matlwiatics program has been the 

\ , , 

demonstration of the feasibility and value of PLATO in the mathematics 

• ^ / • ^ 

'.curriculiam in grades four through six. In the years from 1973 to 1976 
the program has developed over 100 hours of ii^structional material 
(avenged for mdny students), and has -delivered approximately :^0,000 
student, contact hours of instruction to about 500 students. Test results 
and personal "response from teachers and-^tudents indicate that PLAtO can 
provide an effective medium ^or I'eaiming and teaching. 

, 4,1 STATEMENT OF THE PROBLEM 

The intermediate-grade math demonstration came to focus on two sub- 
problems: ^ ' ) ' 

^ 1 . "The determination of the mathematics-teaching roles PLATO can play 
in an elementary school classroom. . 

2. ' The creation^^' enough courseware to explore the utilization of 
PLATO in Some of these roles. ^ ' , - . 

These problems necessarily had to be dealt with simultaneously, since 
without some determination of appropriate roles one cannot design suitable 

courseware, yet at' the same time, without a reasonable body^x)f courseware 

■ ' ■■ ■ s 

one can get no empirical results on how well PLATO can play- each particular 
role. ^ ^ . 

The ecology of an elementary school classroom is complex. In helping , 
e\lementary school students learn mathematics^, teachers ordinarily carry 
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out m^^^iji^^r^eirt^activitie^ they administer tests, both for dftagnostic 
'and for motivatibhai^reasons; they 'correct these tests, sometimes with ^■ 
subtle attention to the precise fdrm-and probable cause of the various * ' 
student errors; they attempt to diagnose^ student^^-ivee|3s; they introduce 
new ideas, they as^^j^Jiomework, they answer student question^^; ^nd much, 
much more.. c5n the(ir side, students also do many different things: they ^ ' 
receive assignments from the teacher; they listen to other students, and 
get ideas fijom them; they compete with other students; they consider student' 
remarks and make judgements on them; they do work that they are proud of 
and show it to other students, or to adults; they are influenced by various 
peer-group pressures, ^nd they contribute to the creation of peer-group 
pressures that influence other students; they give answers which embarrass 
them fcefore other children; they -make errors and try to go over their work 
to find what went wrong; they discover patterns; they explain things ^o 
other students; they make suggestions toother students; and, agairl, 
much, much' more. 

Where, among these tasks, could PLATO Play a useful role? In trying 
to answer this question, several factors must be considered./ 

Some observers, for example, have feared that the use of CAI in schools' 
would have a harmful ^effect on children's social dev elopment; these observers 
visualized one child, working alone at a terminal, cut off'/rom social con- 
tacts with other human beings, so that their social development was retarded, 
and (pb^haps worse) they did not learn to talk about the work they we^e 
doing, so that they failed to develop a ^'nieta" language for discussing 
mathematics . 

Another fabtor is that since different schools use, roughly, two 
different approaches to the .learning of mathematics, one by rote imitation 



and drill, and the other by' creative analysis of problem, situations, some » 
observers have feared.' that the /introduction of computers into classrooms 
would increase the emphasi^on rote arithmetic, and diminish the role of 
creative heuristic analysis. 

More objectively, it seemed that. neither of these dangers were inevit- 
able, -and one goal for the design of PLATO coui/seware was to demonstrate ' 
that CAI ca^ place quite adequate emphasis on the creative and exploratory 
aspects oY mathematics, and on various forms of -social cooperation and ^ 

* interaction • ' V 

A third factor concerns the difference between "special" and "opera- 
tional" testing. Up to. a point, at least, a CAI lesson can be tested by 
itself, as a special activity by students*. Vie have called this "special 
testing." Some information can b,e gained from special testing ~ for 
example, confusing wording on ambiguous diagrams can often be identified — 
and a great deal of special testing has been done on every 'PLATO lesson, 
but special testing ^can not be used for effective evaluation of how PLATO 
(or any particular lessons) will function in typical classroom implementa- 
tion, «y iSpecial testing is in fact, too special, too unusual . , Testing 

.lessoas when they are embedded at their intended point in a curriculum that 
is in routine, day-to-d^y use in classrooms, we have called ^"operational 

testing." Only from operational testing can one infer how PLATO (or the 

lessons in question) will function in regular classroom implementation.' 
^ ^ 0 

This implies that the demonstration had to have enough courseware for 
regular day-in> day-out usage. In fact, enough courseware has been created 
to provide a curriculum that occupies the average intermediate grade studei;it 
one half hour per day^ every school day, f€r^ more than one school year (that 
is, the average student will, not complete the course in one year^ . When 
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lessons are tested, embedded. 'into this regular usage, one gets a more ;reliabl 

indication of their value in routine implementation. ' 

Finally, if PLATO is to be a helpful tool for teachers, and not- an 

added nuisance, teachers must be able to assign students to appropriate 

st^y uni,ts with very little effort; and teachers must get highly readable 

-feedback on .student performance in order' to monitor what students are doing 

(and in 6rd6r to know what assi^ni^ients to make) . Fur£hermore,' if, for any 

.reason,, a teacher does NOT make an assignment for some student, PLATO, mu^t 

inclilde a default student-schedulii^g ^procedure that will schedule the 

student in the best way possible based on the* accumulated .performance record 

• V ■ *. 

(stored in computer memory) of that individual student. 
4.2 SUMMARY OF THE PROGRAM ^ ' ■ ' . 

The elementary, mathematics demonstration was set up with., enough course- 
ware to allow -students to Work on PLATO one half hour each dky, . every schapi-- 
dky, for one year. The^(<^ourseware was ,dg;ve loped in three strands, a-fi follows: 
1. Whole i\umber arithmetic, including: / • 

meanl^s of operations ' 'i^.-^'* 
\j " computation techniques and practice ' 

algorithms -v " Jt.- - ' * 

place value / ^ ' ^ ' ^ - 

renaming a.nd ^symbols , - 

^ \ 

word problems , ^ • * ' 

2o Fractions, mixed numbers, and decimals, including-* 
meanings of fractions and mixed numbers - 
equivalent fractions 

addition, subtraction, and multiplication of fractions and 
mixecj numbers ' ' 



the -meaning., of decimal nvunerals 
heuristic approaches to problem solvii^g 
3. Graphs, variables, functions, and equations, including: 

signed numbers (integers^ and_ rationals , positive, negativej 
and zero) . ' * * ^ 

variables anS open sentiences 

p .. • ■ . . / 

"exponents " ' / . - ' ^ . , 

" • ' • ' f ' ■ ■ ■ • ■ ■ 

: , . graphs ' . a ' . • ' 

• ' the representation:! -of functions bv graphs, tables, and formulas 

^ • . . .. ; r 

This courseware was designed for a wide range of student abilities 



and backgrounds, intended for gradesi four through six. In most school 
there are also many students in grades seven through nine who have n6t 
mastered this material ,^ and review and remedialfion at^Jp^ese gradd levels 
might be an especially imj*ortaAt use of stich coii/seware in the futux/e. 

It should be stressed thati the present courseware has undergone 
e'ktensive "special" testing, ag defined above, but )nas had only one^year ' 
of "operational" testing, and l^as- never gone through appropriate micro- ^ 

assessment in an operational setting; it has therefore never'' been revised 

' ' " - , ' ■ ■ ' ^ . ^. ^ '^ ■ ■ 

on the basis of such feedback data. It represents a r^^spectable "first 

draft, "/ largely free of flagrant flaws, but NOT/improVed by any extensive 
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use of feedback data. In particular, there has been no chance ^tq^m^ke 

^empirical comparisons of al.^j|^ative versions. We do not consider it a 
ft • 

finished pi^Q^uct. • w ' • ^ 

* An indiv^ual child's half -hour session -foS the day is Resented tO; 
him — .'Having been "computed"^ by PLATO* from -his individual^, ]3ast reco'rd of^, - 
pei^rmance, taking account 'of wfiatever inputs the teacher has *made^ and 
using a default sche^ling procedure whenever teachep planning inputs have 
not been made. * . . * ■ ' '< ^ ^ ■ . 



The typical half^hpur session^ is'divided into three parts (or slots) 

and- J.S designed and "computed" roughly as followsrO The second c^^the three 

parts is viewed as. the main new^essbn, and is computed first, -^rom "curric- 

ulum trees" and invididual records of previous student performance, 'bnce 

the "second slot" has been planned, PI^TO in effect asks, and answers, ,the 

question: ^ ".if this is to be our m£ work today, what review. of what topics 

should precede it?" The answer is assij^ned for the first slot, ^ else the 

. first slot is filled with other review material, or even with preliminary 

f ' ■ 

material intended to build readiness for other new lessons that will be 

coming up soon. Finally,, the third slot, is filled with material intended - 

to be particula/ly enjoyable (but;, simultaneously, educationally valuable, 

either as review or as drill) , often cast in some, sort of "game" format. 

Wherever feasible, stude^g^ are given thei^ choice of activities, or of 

alternative forms of activities, or of non- curriculum matt e rs wi thin lessons^ 

(e.g., wil^iin a game, "students c^n ^crfioose the name which &LATQ calls them, 

and choices such as . "Superman" or "The Greatest" are common). In fact, ' 

teacher inputs and student choices combine to allow^quite' flexible uses of 

the three sl^S. (For the 1-976-77 year, it will be possible for teachers 

to arrange for each session to c^jisist of N slots, where 1 < N < 7.) 

./ J^ ' ^. . ^ . . ■ 

For many/ lessons there are two versions: a "regular" version, intended 

.1 * ' 

for students who are encountering it for the first time, and a. "fast." or 
"reviejvf" version for students to use as a' qdick review; w^ile both versions 
are paced by student performance (so that the* "regula^"^version5can move 
quicklyi if students do well,' and the "review" version can n^ove slowly fo/ 
a student who needs extra help)', the "review" version is ordinarily short'er" 
and faster.;/ • • • ■ 
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St? ^ 

4.3 THE DIFFERENT ROLES THA^T PLATO CAN PLAY IN A CLASSROOM; EXAMPLES OF 
. COURSEWARE ' " . 

■» "y . - .. I ■ 

• O * 

The versatility of the PLATO system and its graphics Gapabilities . allpw 

it to: play many- different roles in' a classroom:' This secti^on describes* 

a^-ffiw^of the roles that we have explored in the Elementary school mathematics 

curriculum. ^ 

PLATO Can introduce a new mathemajsrical idea. . This is done via the 

1 

"paradigm" teaching strategy . The student is asked to perform some action 



which he is easily able to do, after which his act is re-interpret!ed* 

■ ; V , ■ . X - ^ .' 

For example, to introduce the fraction 1/3^ the student is asked toshare 

' ■ . ' ^ <\ - " - ' 

a 'Candy ^ar equally among three children; when ^ has done this,' he is told 
that he has given each child 1/3 of the candw bar. 

The PLA!ro screen can ptesent pictures that have precisely tiae property 
that is Relevant ^to the immediate task. These pictures can help introduce^ 
new tasks, and can l^ter be summoned as aids whep students seem to need them, 
PLATO -can provide additional motivation for drill or practice activities , 
. The two preceding roles can^ be illustra^ted* by the lesson -"Speedway , " 

from the whole number arithmetic strand. Figure 4.1 shows five plasma ♦ * 

■ \ ■■ ' ^ • ■ 

panel ' displays from "Speedway." ^Exactly what displays a student sees as 




these di^lays' are suggestive of tfhe ppssibilities. The fir"st panel 

occurs at the beginning pf the lesson, and is a typical \:heie^ page," ^ 
allowing the student a maximum\^umbQr of choices within the overall planned 



''Explanations of this are in:. Davis,"' Robert B. , "Naive Foundations for a 
vTheory of Mathematics, l^arnlhg;;" Learning and, 'the ^ature of Mathematics , 
ed. William E. Lamon, Science Research Associates, Inc., 1972 and . ' " 
Davis, Robert , "Ttvjo Mysteries Efxplained: The Paradigm Teaching Strategy, 
amd 'Programmability' i " Journal. o4 Children's Mathematical Behavior , 
Supplement NOo 1 (Sumrifer 1976) o j , • " ^ 



J) he works through a lesson' will depend upon his individual perfomance, but. . 
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V Figure 4 .1*> Five Typical Payiels • f Tom \he Lesrson "Speedway"" 
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curriculum structlurel -The second panel shows the "race" in progress ,~ ^ 
Z&s the 'Student answers questions, PLATO uses his speed and accuracy in 
an'swering determine the spded with, which the student's car advances along 

• ■ . .. ■ ■ - ^ ^ i ■ ■ ■ ' ■ - 

the track. (The opposing rac'e car lias?-, its speed determined by the^ student ' s 

.1 - . . . ■ '■ 

past performance, or, if the student prefers , by a rat^ which. he *sets ^ 

• • ' 

arbitrarily.) Panel lit shows ^the kind of "help" picture that PLATO displays^ 

when student performance suggests ,the need, or when the student himself 

Requests it by pressing the' "HEjLP'*^ key. Panel IV shows one type of feedback 

that is. reported bacTc to the stud^t, and Panel V shows another form, which 

serves the dual purpos*e oF*giving the student detailed data on various 

, " ■ ■ i . • . . 

aspects of how well he is doing, while also providing experience ii> the us^ 

/ • . .^^ ' „ ' ' .-V-^ 

of graphs, one of the mathematical topics that^the student is studying. 

. / ' ' . ■ ■ # 

'the ui^e of "meaningful pictures, " or "low-inference Structural pic- 

tures" ~ where the relevant jOaathema tics can be "seen"; in the picture 
it:self — can also be illustrated by plr^ lesson "Subtraction with Sticks." 
In terms of manipulatable physical objects, pl^ce%rfiue base-^e^ numerals, 
can be represented^ by' tongue depressors^ (for "units^p^.Qr , "ones") , - bljndle? 
of t§n tongue> aepre^^ a rubber band (for "tens") , a 

plastic sandwi-ch Sag holjainc^ien such bimdles (for "hundreds") r^arid so on. 
"Borrowing" or "regrouping" , for subtraction, is then accomplished by removing- 

ru^er ba^ and sepa:^,g±ing = the bundle into loose sticks ;-This^€^me ap- 
proach can suggested by pictures', on the plasma panel; - by appropriate 
key presses, stijt^erttv ^^.^epairate a depicted bundle into ten separate 
loose depicted'' s'ticks'> "^bCon., Figure 4.2 shows three* frames ^^^om this 
.lesson. Notice 4:hat, at .first, theVpicture pr,ecisely matches the abstract 
TTotation. As the. lesson progresses) the 'pictures are gradually suppressed,. 

and tiie student deals only with the abstract notatiofi --^biit the .pictures 

■• * • ' , • ■■ , * ' ^ . . , ' 

cati still be prfe^serited as "fielpa'^ if needed -or re'qiiested. " . 
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^/ri How to borrow using sticks 
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Mere is a problm. ' 

Ue to take My%S- loose sticks but mm only h«v« 3 

Us ««t niore loose sticks by openir« . bundle 



\ 



How to borrow using sticks 



4% 

25 



Mo«^ msn>^ sttcks are there nofnT 



Solve this probl — . 



> 7 



Pf'Cs^ -LfO- if tfwT'c sre no tens in ^-otir <iui»iei 
PfT^ CD yoj f*ent t<^ br«al( up « ten into ones. 




Figure 4.2. Three Typical Frames from the tes^on "Subtraction with 'Sticks"- ■ 
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PLATO 'baji aXscpresent. vhat Richard Suchmah has called "a curriculup of 

' . " ■ • ^ - ■ ■ ■"• L ■ ' ■ 

Starting points'^ — as in tfie lesson "West>" whicji introduces new ideas on ^ 

■•■ ■ . ■ . • , M. . . ■{ ' ' , : " ■ 

Strategy and on maxima withbut teaching either explicitly^ and without ' ' 
continuing instruction on either. Here are opportunities for students to 
move ahead with these ideas and ELATO will continue to 'p/ay its role -= w 
«if students ^"cfe^^^o on — there , ifio, r.eqi^ireihent ^at students do so--v" 
The lesson can thus «be regarded as j^oviding attractive motivation for drill 



and practice, or it can play the .i^urthef j-rple of /introducing" the ^student .t(5 

some worthwhile new i-d^s- Two*frames from '*'West*' are shown in S'i.gure 4.3- , 

■ ■ • * ■ ■ . ■ . ■ . i J- 

* ' ■ ■ ■ ■ <» i ■ ^ 

It is critically iSnport^nt^- that studerii^ understand the meanings of 
mathematical symbols., Ixi the case of fractions, for example, it is -^i^p^r- 
tant for the' student to recognize ^7/8, or 3 g , or 5,4, as niimbers haying 
a definite 'size, gust as 7 or 500 do. The graphics capability of PLATO 
allows the *le^sbr^^ designer to effectively Address thi^ problem. Figure 4.4 , 
-sTiows two displays from lesson "Darts" wh^.ch- illustrate this^rol^. • 
, PLATO can guMe th^ , student ih lea;t:iiing tarstej ;and can provide . ^ 

controlled fozTiis of feedback, as in the lesson "Sort Equivalent Fractions^" 

' ' , \. * , ■ / ' , ■ .f ■ ■ 

If the student sorts one name incorrectly, PLATO tells him, that one sorting . 

• " : , ^ ' . y' . . '.: ■' ^- ;:• ' / 

decisiok wa^ wrong, but' do^^ not sa^j' which one.' The, student' "lihus faces ■ 



sayk wnicn one.' Tne, stuaent "tnu 



the task or "de-lOT^ing" his performance by a carefvil review of . what ^he has^ 



done-. Figure 4.5 sljows thi^ee iprames frbm this les^ri ." 

■ . ' ' ■■ ^ ■ . ^ ■ ' ' ' ' ■ • ■ ' - ^,' ' ~ 

The strategy of makiiig^ displays appear (and change) ^t the same^ t^me 

as- the corirespofiding abstijact notations can be spen al,so in the lesson'. 

"Addition and Subtra'cfelon Practice with Simplifying and Borrowing," from 



the Fractions Strand. , Figure -4* 6 ♦)&{\ows th3;ee frames, from^^ tikis' lesson. ■ . ' 

:In classrooms without CAt, a i^t»den;jji^ay exhibit a piece of work of 
which>he is proud. Students alsb.get ideas fxom the work of other studen-ts- 



74 




5 




4.3. Two Frames from the Lesson "West" 

' • ■ ■ ■ *i. 
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/ 





/ ... 



Touch here to 
craae the Q , 



Very g|ci.-d' 



Figure 4.5/ Three Frames from the Lesson, "Sort! Equivalent Fractions' 



Putpos^: Pr^Vidfe pract^^ce identifyingWluivaleat fractions. This Wesson' 
*is fqx "Students who already have '3%a«it un'der standing of equivalent 
fractions.. * , ' ^ 

- ■ . < 

Description: Several fractions are^.scattered on the screen alon^with.. 
2\ 3, or 4 loops; lAfe student sorts .the fractions into the I(Aps 
; so that each loop contains an equivalence set. If the student's 
solution is not completely correct, /PLATO tells how many. (but not 
whi^h) of the fractions are' in the wrong loops. The student must 
^ ' decide which of the^ numbers are out^ of place and move them. This 
eauses the. student to review his work and justify the equivalence 
^ for each number in order to iKScate the errors. Difficulty adjusts- 
to the' student*s^exf prinance.' ' - ' * ' % ' 




9 " , ' 
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Both of these possibiliti^^s c^n be considerably enhanced by a suitable 
use of PIATO.j One such 'use, designed by Dugdale and Kibbey, is^the 
"paintings I^ibrary." In this lesson, a student chooses (or is told by 
PLATO) a fraction between zero -and- one ^ " 'The task as ljo "color iri'^ that 
fraction of a . rectangle, using touch panel to color (rather like 
finger, painting, but with diggretely quantized are^) . Af^er PLATO verifies 
. that the proper fraction of the .area has been painted, 'the student .may. 
if h^ wishes, add- two of-, his paintings to a "library;" stored in th|g|poin- 
puter's Tnempry, ^:hat i,s available for other stu^fes tg' look jit- Ari early 
l^versipn of this lesson did not provijde this "library" feature, and the ^ 
student work was rather uninspired.'. When the "library" was added, some 
very, creative work began to, occur,, as suggested by the following sequence 
. The earliest goli^tions are lisually relatively straight- forward, such as «, 
the drawing in Fig^jire 4.7. 



V 



1. , 



/ ' "Prom Sharing ideas, students come ^o. see some"- more interesting possi-' 

. V bilities, such as the painting shown in Figure 4.8 
. • ' \ ^ Kig^re 4.9 we see LawslSn/T. develcaping a new procedure for' easy, - 

-estimatioh of the area; • and in Figures 4.10, 4.11, and ^'.12'w^:$ee these " 

•S^- . ■ ■ ' ' ■ V 

P^^' -ideas deve loped 'further . ' ' ' ^ . ' . v 

> \ ^yrt^^v^ S.- opened up some new. possibilities , using her^i^tist^^ < 
(Figure ' 4 . ; this .graaually led to further' refinements ':(Figur^e^ . I4^and^ 
/ 4.15), Including a "contest" on the word "Hil" (Figures*-#.,T4 and ^-l^^j 

^ ^ with Vari^ationf (Figures 4.18 ai}d 4.19). ^ ' * 

' ' \ ^ ■ , ' Q . ^ . ■ ^ . * 

The'^ creativity, originality, humor, and pride displayed, here '-is 
obvious, but the mathematical purpose has not been lo^:" in every case 
the ^'student had' to color ^ precise ^pre-sjDeci^ed fraction of the 'rectangle 
and he had to g^t it right be fore /PIATO would allow him to sav:e tke ' ^ 
painting in the "paint ii^s, library ." (jj^ "^*"* * - . . 
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This IS hvi^j .ih«rv! paint^id 1 :f tVn; h-:. • 



Tins 12. It.'-i r .•.•/rfi.:,!i.:i )i i; J nt -ir ;l 1 :t tic? I: 





Figure 4.7. Cheryl S. painted 1/4 '>:y j' 
of the re^angle this way, aricj. liked 
the' result well enough to stojre It 
in ^the computer's "library" so- that " 
other students could see it'. 



' Figure4^^^^^ f outid . ^n 

intePg^fing way ta^'paint 1/2, A£ the> 
' rectangite " J^^to be sUre t^ikt it 
is onja'' harl 




FlguT^e 4,9, ' Lawston'T. found a 
methdd for easy estimatipn of the 
f raction that is palTi1?ed> ^'^et at 
the same time allowing/ f(%''iiiore . 
interesting artistjLc p&ternsi 

^ ■ ' ■ P .... • ^ 




Figure 4»10. Lawston's method can 
be extended. Since Lawston's. 
painting is in the computer's 
"library^" other students can see 
it, bef inspired by it, -and carry 
the idea further — as Fred D. 
has done in this example. 



This 15 Ix^ fred«ric'Wi |:Aint'?d 1 ^ oi^ th-? toS 





Tl-,i!..i5 h-.-M iii?ttho..i 1-, paint-J 1 "2 vf th- boy. 




Figure 4oll. Some excellent artis- 
tic possibilities opien up. ' Note 
that Frederic M.^ has p,Sinted exactly * 
1/2 the*x;ectakgleo \ ' * ' ' ^ 



, e 




^ Figure^ „ IZ. An interesting exten- 
\ sion (^L^wston's method. . , ^ 




4 ' 



' 4 * 



Figure 4ol3. Cynthia S. had the ^ 
idea of displaying her initials — 
again, in the computer's "library" 
so that other students can see it. 



I ■ 

^ Figure 4.14. Cynthia's idea 
, inspires another student to design ^ 
a particularly artistic version of ^ 
the name Doug. Exactly half of ^t.he 
rectangle has-been painted. — ' 



/ 




'Figure 4ji15.;. ^..and a very attrac- 
tive "Josh" (by JQshua E.) ~ 
exactly 5/9 of.^the^ rectpng^e Has 
been pa,i.Qted. • . ' 
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Figure 4.16.^ One entry in the ''Hi" 
contest — : exactly half of the 
rectangle has been painted. 



Figure 4.17. Another "Hi. 




Thi IS. ho-iu" j e f f r-^.' ^- pc« i nt^d ' I c- f t he 



Figiife vSTlS. Time Bbt^ change. 
J 'T fi^ctlyt half of the:_p'ec?5^ngie /s^ ^ 




fVen^^e^^iingly mun-^ 



^ ^orange 

./■■ 



^>Fig^um 4.19.^ E-v 

ji^rdaife -aispects o'^ JaritHmefic* c^n ^e . 
"creative ~ exaatly- jijalf of the * V 
' >>,^:. -i^^^^t^^^gle is orange. ' >jSftL . " 
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' 4.4 'co mmunications BETWEEN T^ACHBR^f AND PLATO ' ^* / * 

" — T- ' — " , — — ' — ' ' — :> 

■ ' ■ ■. ' • • r ■ ■ ^ ■■ . • * ■ , : 

4,4.1 Teacher Inputs to PLATO \ '■'>'J'::'^. ' * 

^While 'the software for elementary mathematics can plan a re^sbnable half- 
hour session for each child each day, based on individual pfast performance,*- 

' / ■ 

even if teachers make no planning inputs,* it is possible, and easy, for 
teachers to sh^pe the PLATO program as they wish!! . , ^ ^ 

■ ^ A teacher can make an assignment for each student, for,*each day. That 
is, she can assign' John Jto Work in the whole nvunbers strand on Monday,^ 
Wednesday, and Friday, 'beginning in the third module, and to work on fractions 
on Tuesday and Thursday, beginning with the addition of mixed numbers; she 
can assign Edna to work on fractions the first four days of th^week, and to 
work on reviewing whole-nvunber multipli4^tion, every Friday; and so on, with i 
a different assignment for every student in the class. (Or, she can have 
everyone -look at the first lesson on graphs next Monday,- so the class can 
all talk abbiib it together; then on Tuesday' each student cah go bdck to his 
own individualized program,) ^ , 

A. teacher can choose from among the existing modules (groups of lessons 
sequenced by a curriculxam) . For the 1976-77 schopl year she will be able , to 

create her own mpdules, by grouping or sequencing lessonfi according to h^r ^ 

- - • ' ^ 

own- scheme. Intermediate between "choosing" . or "creating" there will also 

\ ^ ■ - , ' ^ ' ■ : 

be the possibility 'of takings an . existing modulq^-and^ modifying it in various' 

ways'. ' ' ' ' ^ * ' . ' 

VThe teacher can specify either a.Nregular" or a "ijevkew" (abbreviated, 

• ■ * A ■ ' \' ' ■ . *" /P 

and faster) versiolWof*a lessen.- 1 ^ . • ♦ * 

' ,^An\, of .course, ^i>-beacher &an cYiai^e this 'assigrunent for a, student ' V 
when^er^^hd *wishes, - ' * . V " * K , • • 



^ . ; ■• • / y ^ ■ * 

4.4^2 Fjeedbtack^^ip^the TeaOhers fronv"«PLATQ 



j All .reports on student performance* are avail^le tp' the'taaiiber in tvip 
different^ forms: directly as displays on the PLATO screen/ or 'e;.se' as 
"hard .copy" (i.e., printed on paper by a printer). Updated' reports are - 
ordinarily issued once a week, but teacl^^ can obtain report3;more often ^ , 
if they v^isho , .- ■ " ' 

The^e are two kinds of reports r ', mofee reports that show the progress 
of each child in t;erms 'of modules, and individual lesson reports, that show 
the progress of each child in terms of individual lessons. Since a module 
is k group of lessons,' the module report is a more coarse-grained or mae$o 

^ ■ ■ ' -Jt. 

scopic report, and the lesson report is a more find-graiSI^ or microscopic 
report . . 



.^Figure 4.^0 is a reproduction of a typical hard-<:opy module report. ' ' 
Student names are fictitious ,^^but the report is nof unlike typical actual * 
' reports. An explanation these symbols follows the ' figure 

Figure 4. 21 is a -reproduction of a typical ^hard-^copy lesson report. Again 
student namSs are fictitious. By balling for a- more, "microscopic" look at in- 
dividual ]^y lessons within the Fractions Strand modules, the teache^has'i as ' 



it were, "increased the .magnification" from the module report discussed- aboye \ 
■This, offers a more minutely-detailed look at student perfom^nce. Because there 
are well over 100 individual lessons in; the fractions curriculum, this report show^ 
only a few key lessons! from each' chapter. A stiidenfs performance in these 
selected lessons is a reasohable indicator of that -student's overall perfortnance' 
and *>progr^^ ■ in the. Fractions ^r arid. . , ■ * . 'i- ■ 
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Flgujre 4. 20* A Tj^ical: Module Report' (student Aames are ♦ fictitious) 
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A Typical' Les soil Report (student jiames* are 'fictitious) * 
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EXP^LANAT'ION OF SYMBOLS USED IN FIGURES ^20 /(nD .4^21 



Upper 'left:/ 



\ 



indicates that a , student has completed the'mo'aule in que 
excellent performance.. ^ '. ' : \ . - 



St ion witl^ 



indicates tha^t § student , has complete^ the module in question owith^ 
* sa:tisf actory performance. ' \ • , • ' -/-'^ 

iridicates that a^.student has completed the module 4-4. question, but 
wi'th marginal " (less th^n satis:^"ctory)/ results.- 

-iTidicai:^s_that^±he:^'Student- did -NOT^iiomplete^^^ the_mocJUl^_. because 'i3;he_ 
teacher changed his a^sigriment /before, he cotild complete "the module 
^ fusualjy because' he wa"s 'not doing . well in--.it^^ .o^ else-*beqause it v 
turned out. tha,^t he'^^khew that material aJLre - \ \ 

ZP^,. . indicates that ^the student* is working "in. this- mo fie at preseht 

indicates that the module is being elxperienced U-n i^S^"fdst" 
abbreviated review versions " . ' 



Tqp of page';' ' ' , \,j J * . ' ' « * ' 

■ \ ^' . " .'''^^ '^'^ / 

► .EAch standard- mcidui^ Iri^ach strand "is listed ' tfouri?module^s for the 
graphs stirand,;, five module's for the whble numbers strand,\,^d nine 
modules for the fractions gtrand) • v- — • ^ .. " ' . . 

Right-haiiid fcplumn: > " > 

Column headings in^dicate Monday, Tuesday, Wednesday, Thursday, and Friday. 

Golumn entries: ' ^ , . ' , , - 

. indicates fractions -strand'-^' ' - • . 

. ' . , ^ ■ ■'. ' * > • » ' 

♦ P .indicates graphs- strand : . v . . \ ^'7 ^. ; ^ ^ 

^ ■ W , indicates whole numbers strand - * ; . , . • ^ .- ' 



V Thus, .the first student listed f"deb^ie")' has been ass^ignfed'by the 
' teadher ta work in Ptactiohs Strand mbSlules pn- Monday , Til^sday, Wed-./ 
nesday, and^^^jM^ay, and oh modules— fj^om .the .Graphs" s't;r and! on Friday, 
1st name; at the bottom of . the lisi>) has been 'ai|signe'd' 
otk' on Whole Numbers lessons ev6;ry -^^ in ;the" week. 



where^a^fe Stc 
'By ih^ teacl 



.1 ♦. • 
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EXPLANATION 0F< SYMBOLS USED IN FIjSUfftS, 4.20 AND 4.21 (continued) 



U ■ - 

Center portion of pa^e: Student progress in modules 

The first studen-f listed ("debbie") ^is presently working in the first 
module from the Graphs Strand, the first mo(5^ile from the Who le^^ Numbers 
Strand, and the third module in the Fractions Strand,, She finished 
the first fractions module with an excellent performance, and finished 
the second with a . satisfactory performance, 

"pres" (Eighth name from the bottom) has finished the first module in 
the Graphs Strand (with a satisfactory performance) and is now working 
in the second module; he has never worked in the Whole Numbers Strand;^ 
_and in the Fractions Strand, he hac finished six modules (five of them 
with an excellent performance), is working on the module on "multiply-, 
ingpiixeqi numbers," and went through the first fractions module in its 
abb:^eviated (speeded-up) "review" version. 



V 



In general, symbols have the same meanings as in th^ "module" report, 
with 'one important additiion: at the lesson level, ^ new symbol, is"^ intro- 
, meaning that the student is now working in this lesson and 



duced^ 



appears to' need^ he'lp irbm the teacher*, ' 

■ • ■ ' .'• ' ' - ' ' • ■ 

In Figure 4.21, one student appears to need immediate teacher attention 

' - ' "/ ■ ■• ■ 

namely "al" (ninth name from the bottpm of the student, xoster) , who ^is 
presently wqrking in two lessons: - "paint add," where he cjoes not need help, 
and "heuristics practice," where he dcJes. Six other students in the class 
have completed this.^ljpsson very successfully so the teacher might ask one 
of these six to work with' Al^ or else work with him herself. ^ 

4.5 HISTORICAL RECORD OF CLASSROOM TRIALS 

' ^ ' ' ' i • • 

Prior to September 1972, some individual lessons had been tried out, 
using PLATO III, in Booker, T. Washington Elementary School in Champaign, 
Illinois: The terminal configuration -involved a separate "terminal room," 
arid students left lyheir regular classrooms to come to the terminal room to 
work on PLATO, , . 

Beginning in the fall of 1972, terminals were installed in two addition- 
al schools,' and three different terminal configurations were subject to 
preliminary trials: ^' 
i) a separate terminal room . « 

ii) terminals in the regular classrooms 
iii) terminals in piibl-ic access areas, such as corridors, libueries, . 
and "learning centers." ^ • * 

It appeared, that maximum benefit could be derived from terminals in class- 
rooms, and this became the standard configuration for siabse^uent' trials. 
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Prom AutumA 1972 until early in 1974, extensive "special testing" of 
lessons was carried o^t, but . there was not ^ large^enpugh' body of courseware 
to make the use of PLATO entirely .routine, anc^ thus make-" possible what we 
have defined as ' "operational testing." , / ^ 



sting df 



Operational" testing df one strand — the graphs strand, which was the 
■■■/*■->'- ' . ' ■ - . ■ * , ^ ' 

first strand to be completed — did become possible, early in calendar year 

1974., an'd in th$ spring of 1974 the graphs strand, was. in routine use in the. 

•experimental schools. Operational testir^g with a tew students after school 

was done with the" existing fractions curriculum. (About one-third of the 

planned curriculum was available.) ' ' , 

It had been, hoped to begin operational testing of all) three strands in 

th^ autumn of. 1974, and something roughly approximating this did pc cur. The.- 

.two major limitations were that the courseware for the other twcj^strands had 

not yet been coijpleted, and that unanticipated limits on computer memory 

severely restricted the number of lessons that could be maQe^vailable to 

students at ■ any given moment. . A simplified router was\written\to try to 

. - \ ' I 

optimize lesson assignment within these severe constraints, but it was all 

- .. ■ .. / ■ ■ • ■ . , , •■• « 

too clear that of te^ PLATO could not make ■ available to a student any of the 

it' ' ' 

lessons which he really 'needed at that moment. 

^ Through all of these difficulties teacher mo.rale remained surprisingly 
high, and informal measures of student learning gains seemed to indicate 
good results^ . . / 

By September 1975 the limitations had been/'overcome : an adequa£o 

5Lmount of computer memory was available, the^' neces'sary coutsowarc had been 

. / 

completed, and the lesson-assignjnent procedures, could work as intended. 

/' ' . ' 

Consequently there was one year of official testing of this courseware — 
September 1975, through May 1976. . During this school year PLATO was in 
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day-to-day routine use in thirteen class^oms, in six different schools, in 
"two school systems. Pour terminals werfe located in each classroom. 
Approjiimately 325 students participated, , approximately as ^ follows: 



^ V 

Grade 4 75 students 

V • ■ . ' \ /\ ' ■ , ' ♦ . ; 

•' ^ Grade 5 140 students^ - 

Grade 6 110 students 

Oyer 15,000 student contact hours' of ; instruction were delivered. during this 

school year. " . - . . " . ^ 

t . , ■ , ■ ' \ 

4.o6 - TEACHER f AND STUDENT RESPONSE 

This section deals mainly with informal measures and with preliminary 
results; for njor§ formal results, and final assessments, please refer to the 
intern^l^ evaluation ^ction of the present report, (Chapter 3), and to . the separate 

independent evaluation report from Educational Testing Service (ETS) . 

-rf ■ 
Teachers have responded enthusiastically to thef PLATO elementary mathe- 

ma tic^' program, and so have the vast majority of students; informal pre- 

liminary reports seem to indicate important learning gains for students, 

. //";, ■■ \ ■ .. . ■ 

and desirable changes in attitudes toward mathematics. * . 

4.6. It Student Attitude Changes * J ' 

Attitude questionnaire da ta-^ gathered by ETS from PLATO and non-PLATO ' 

classes iai 1974-75 show^ relative. Changes in student attitudes toward math 

during the year that are favorable .to the PLATO classes. Figure 4.22 shows 

results for the ten items on the questionnaire that were judged to be 

measures of general attitude toward math. ^ , 

In Figure 4.22; "Math is f>4n" was item 14 in the questionnaire^ Among 

■ . ■ ■ - c--' . ■ ■ 

the -fourth graders, 43% o& the PLATO students responded "yes" at the begin-. 

- ■ ■ ; ■ ■ .■ N ' 
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' Figure '4»22 
Attitude Questionnaire 
Fall 1974 . Spj^lng. 1975 Data Summary 
Percent of "Yes" Responses by Item and Grade 



Note: For some Items, positive attitude Is Indicated bv a ««nn" v^^^A . <: \.u . f 
Changes are favorable to PLATO. In the "Merit Index"^ Indl^t^s re°Lt5:r ""^i^^''"^ "'"'^^ 



_Grade 4 



Rel. 

Pre Post Chng Chng 

P* N-47 N-49 
non-P** N»68 N"7l 

Liking or disliking math : 



lA. Math Is fun. 



P 43 
non-P 54 



55 
49 



+12 
- 5- 



+17 



22. o» Math Is my favorite subject. 

P 13 22 -f 9 
non-P 24 20 - 4 



Merit 



+13 



+17 



+13 



Grade 5 



changes f^^orable to PLATO. 
■Grade 6 



Pre Post Chn\= 

N-97 M-111 
N»92 N«90 



Rel. I Merit j ' Rg^, 
ChnK f Inde^ J Pre Post Chnfi Chng 

N-125 W26 
N=89 N«95 



f Merit 
Index 



50 
64 



63 
60 



32 37 
^7/ 36, 



I would rather do almost anything ^hjSn' math. 
P '26 16 -10 . r . 7 

non-P 21 25 +4 



-14 



+14 



26. Mathematics la, often very boring. 

-20 l;:4-20' 



P 

non-P 



53 
46 



29 
4^2 



-24 
- 4 



24 
14 



17 
20 



35 
36 



32 
44 



Compariso n with previous liking or disliking math :/ 

21.- I like math better this year than I did before. 

P y /40 63 +23 ] 
noA-p/ ^53 62 + 9 } \ '^^^ 

28. I like d math better when I was younger. 

'43 27 '.-;6 
35 38 +3 



47 
52 



63 
47 



P 

non-P 



-19 



+19 



Sense of onc*s own ability to do math: 



16. I am good at math 

P 40 
non-P 35 



53 , : +13 
37 . -t 2 



+11 



20. I am slow at doing math. 

P 34 , 25 o - 9 
non-P 35 34 - 1 / " 



8 



+11 



+ 8 



36 
41 



26 
48 



+13 
-v4 



+ 5 
-11 



- 7 
+ 6 



- 3 
+ 8 



+16 
- 5 



-10 
+ 7 



+17 



+16 



-13 



-11 



+21 



-17 



44 
62 



16 
15 



15. Math is the hardest -thing I have to do 

■ <9 - ■ ' / ■> . r , ' 

, P 19 ,20;* +1 I 

non-P 19 20 + 1 - ^ \ 



12 
11 



60 
49 



14 
20 



10 
14 



17. I get worried when asked |o "do a math problems 



P 

' non-P 



15 
15 



10 
16 



-r.5 
+ 1 



+ 6 



8 
14 



21 



+16 
-13^ 



- 2 
+ 3 



- 3 
+ 7 



+29 



- 5 



-10 



\ 



* PLATO classes 
non-PLATO classes 



+17 



+16 



+13 



+11 



+21 



+17 



+29 



+ 7. 



+ 5 



+10 



50 
34 



18 
15 



18 
29 



39 
52 



55 
34 



30 
46 



3'4 



25 
23 



18 
17 



14, 
24 



63 
26 



29 
8 



15 
38 



34 
60 



59 
34 



22 
58 



52 
36 



13 
32 



13 
24 



9 
22 



+13 



•Al 
- 7 



- 3 

+ 9 



- 5 
+ 8 



+ 4 
0 



- 8 
+12 



+10 
+ 2 



+21 1+21' 



+18 +18 



-12 



-13 



+ 4 



-20 



+ 8 



-12 » 
+ 9 



-21 



- 5 
+ 7 



- 5 

- 2 



-12 



+12 



+13 



+ 4 



+20 



+ 



+21 



+ ].? 



+ 3 
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.nf^g of ihe year to vthis item, arid 55% did so at the^end of 'the year, for' 
a./positive change of 12 percentage points*: On the other h^nd; 54% of the 



^ non-PIiATO' fourth graders-responded- "yes" at--t^ of the -year to 

the .same item, and %9% did so dt the end of the year., for a negativ^ qhange 
• of -f^^ percentage poilats. Thusi^the relieve change .was' 12 - (-5.) = 17 
percentage points in favor of the PLATO classes.' The figures for the^ 
other gracie /levels and the/o^ker items may be read similarly Note that, 

.•■ . r ' ■ • ^ ^ ■ ■ ' 

for some items, "fio" -is the favorable response and, hence, for these items 

negative relative changes are favorable' to the PLATO clashes. The final' 

•■ ■ ' ' ' . . s • . ' .■ ■ ^' 

qolumn ("merit index") ^for each grade level gives the relative change 

recoded so that positive numbers denote changes favorable to P.LATO- 

Of course, each qf these relative changes i^ a' difference of two 

. ■ ] 

differences of number^e that are rather unreliablp to .start with (since each 
questionnaire item' is. a "yes/no" type item), so no single. relative change- 
can«>tte interpreted with confidence. But the results found across the. three 

\ ^ . ' r 

.grade levels and the ten different items display an bveraX>ar---ta::end of 

» ' •■ ' f 

remarkable consistency: of the 30 numbers, one is a zero, and tha(\ other 
29 are favorabie to PLATO* A number of simple non-parametric tests on 
^both first- and second-order differences confirm that the results observed 
could scarcely have occurred by chance alone. ;s , ' > 

Of the 24 ^remaining items on the questionnaire, 11 were about more 



speciH.c math-j^e'lated attitudes (e.^., "I like to show people how to d© 
math problems/' "I like working on math with my teachet," "I like learning 
about graph's") ; seven were abqut 'reading ("Reading is fun,"^etc.J; and s:^ 
were^ about' other things ("I am a good singer," etc.). ho cpnsistent pattern 
of results was -evideht across the litems -of any of these'other groups.- Thus, 

> ■ /' - . ■ ^ ■ • ' . ■ 

not onl^ do ten i;tems concerned with general attitude toward math show 
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great consistency of. results, but they stand out in tHis regard from the 
rest of the items of the('questionnaire. , . 

.PLATO teachers were asked to keep daily logs for ETS during 1974-75; 

and portions of two such logs were available at ^ERL, at the time this state- 

m^nt was prepared. They indicate that , teacher^ perceive PLATO as' having 

t .. .. 

a generally , favorable effect on studeht attitudes/ knd ' that teacher attitudes 

^ were also generally favorable. For example, one tekcher writes: 

' ' - , • / V- 

This would be a good time to note the effect of PLATO, on the 
children's attitude toward themselves, school, and math. For 

• ^ - a -couple of 'individuals whphave had. in times past ~ according 

.to other teachers ~ difficulties being happy in school and . ' 

wanting to be in school, PLATO has had a positive effect upon 
^ their attitude as I perceive it. They do like working .oil PLATO 
and as a consequence, i think', 'do not iwant to'^opardi^e their 
position, in the classroom. i also f ind[ that [noH^there is 
nobody who dislikes irikth to /the point of refusing ti) do .it or 
finds it a total bore. I think PLATO has had some influence 
; here. t. ■ . 

All of our informal contacts also indicate , that students like to ^jiork on- 
PLATO, and tbat a desire to have extra -sessions is far more common than • 
a desire to avoid sessions. For example, whe^ PLATO had been in one school 
for two weeks— ten schoQl days — some students had complied 48 half -hour 
sessions. PLATO allows each stqdent only one half -hour spsion during the 
school day, so the most time,,' that any student coulV have spent during regular 
school hour-s would ^lave been ten half -hour sessions \ The remaining 38 
half-hours-''Vjere done^ evenings and weekends. The observation that "a desire 
to have extra sessions is far more poinmon than a desire\to avoid sessions" 

• can be supported by considerable'' quantitative data. ' ' 

Another .teacher, after spending several pages describing PLATO's ' 



positive effects on her students, concludes by stating her own attitude 
. toward PLATO: . ■ . , ' ' # 

er|c .■ ■ * ' 'i<j3 ■ )■ 



7 ; 

r 

I think PLATO is great ! I hope to remain in the program 

If we ever go to "PLATO rooms," I ,would like to Work with PLATO 
and children on a full-time basis. I wish that more children 
could have use of the terminals. 



Another indication of teacher acceptance is that in over four .years 

none of the 15 teachi^rs left the program because of disatisfiact^on with ^' 

PLATO. . A few left for other reasons,- (e.g., family moving, i^aternity leave, 

etc.) and one teacher left when she was assigned to an advanced'^ass that. 

had already learned the mathematics available on PLATO. ^ 

* ^ 

4.6.3 ' Achievement Tests ' 



Achievement test data gathered by ETS from PLATO and non-PLATO classes' 
consistently indicate that PLATO can ^e used effectively to promote the 
learning of mathematics in' elementary school classrooms. \For example, in 
both 1974-75 and 1"975-76, PLATO fourth and fifth grade classes far out- 
performed .non-PLATp classes on ETS's special achievement *test on fractiQnS>; 
Further discussion of elementary math achieyemer^ data and experimental 
design is given in the internal evaluation section of- this report (Chapter 3) 



4.6.4 Case Studies of Gifted Clyildnen ^ ^ . ' 

• - P ■ .... ^ 

To many observers an" important outcome has been- the- conspicuous 
intellectual flowering of a small number of gifted students (e.g., a' 
nvimber of twelve- and fourte'en-year-olds are now*excellent coinputer pro- 
graiuners, and. one student has distinguished himself by an independent 
development of the Argand pl^e/ by age fourteen). This-'^sort of develop- 
ment is dramatic to observe, and in view of a general neglect of gifted 
^students, it is 'potentially very important p 
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4.6,5 -Seventh Graders at University High/ School 



'■ ,, , V r . ■ ; _ . • , 

■More detailed data is available on 30 students admitted in September 

9 

1^5, into two sections of seventh grkders at University High School. Ten 
of the^e students hid been ■ in PLATO' classes the previous year. (s|xth graders 
in, the 1975-76 trials), and one had been a student^ in a special Summer 
program conducted by PLATO staff members.: All 30 took an initial placement 
^^est ip mathematics; 'hn this test, four students' made .perfect, scores . Two 
of these were from among the ten PLATO "al,inni, " one ha^ttended the 
special summer program, and one 'was from among the 19 "non-PLATO" stude;its. 
Other studen|: scores^n the test ranged down to. zero correct (for a non- 
PLATO student) . . . 



■These numbers, and the numbers ^for» gifted students are' too smaj.1 for 
statistical significance, but they are typical of ' the informal data that 
.give a very strong general impression that children are learning mathematics 
and are finding mathematics interesting via PLATO. . .' / 

4.6^6 Requests from PTA's aji^ Schools , - • * / " 

■ ■ ■ - . ^ . - . . ^ ■ „ . : ■ , •/ . 

Questions asked at local PTA meetings are, so far ^^e- have been / 

/ r> , . / 

able to monitor them, 100% fivp^able .— sueh as "When -will we get 'PLATO in 

Js. X's class?", "Why can't more of bur students get to work on PLATO?"., 

etc. Requests to pa?:t-icipate continue received from pri^icipals and . 

teachers. All of this 4s presumably eVideJce of- the general acceptance 

of PLATO wittj^in the school community.. . ' j 



/ 



/ 



/ 



/ 



4, '7 SUMMAfiY 

— fit appears that, although initial introdybtion of PLATO into 3^he * 
classrooDSif plafces additional deiffands on the teacher, teachers want to 
continue* wit4r the use^of these terminals. (In fact, a growing number of 

principals and teachers are requesting terminals in their schooLs and 

-~ ^ ■ ' * \ 

classrooms,) For the most part, students enjoy PLATO enough foi 
enthusiasm to manifest itself in- many ways (for exampl,e, in seeking 'V 
additional time orT^PIiATO, even outside of regular school hours) -p^lSe spite, 
the rough nature of preliminary trials while we were still in the process 
of getting ready, it is quite apparent that children Iq^arn mathematics 



effectivelyf^l^om PLATO. 



/ ■ 
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4,8 PERSONNEL . : • ^ 

. f z::. . ....... 

The director off ±he elemental^ mathematics ^project and the editor 
for CQiLlrseware; 'has; been Robert B. Davi^. The courseware has been designed^ 
and . implemented by the following persons: Bonnie Anderson Seller, Esther 
Steinberg, and Charles Weaver for the Whole Numbers Strand; Sharon Dugiiale 
and David kibbey for the Fractions Strand; Donald Co^en and Gerald Glynn 
for the Graphs Strand, Glenn Polin was responsible for; the routing 
mechanism .used during this period. ^Programming has been done by Marilyn 
Bereiter, Tom Layman, Helen Leun^, Steve Sheahan, Keith Slaughter, Jim 
Wilson,^ and many graduate assistants and student employees. Administrative 
assistants for the project were Mary.Gober and Anne Vogelweid* ^ 



> 
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ELEMENTARY READING.', 



5.1 iNTRODUCTrON ,r . r ' ^ 



During the period from 1971 to 1,97io the PLATO Elementa 
CurricUlxun Project (PERG) pursued, a program which, in 

1 ; • Develoj^ent of a hierarchical tree of behavioral , objectives whict 
desdribes a sequence of/ sKills hypothetica.lly^ the learning - to 

^eadv^lbrocessy 

. ; v'^ ■• ■ V 

' 2 . ] Developmertt ^f approxim^ely -80 hourg of - instructional materials 
in support of these. object;Lves.p . , 

3. Development o£"a Computer-based Cxarricidliim Management System (CMS 
designed to "intepface among the Current status Qf the'N^udent's performang 
data> the tree of objectives, available les^h materials and the constrai 
, of available computer spac'&u 

. " 4. ArtT-culation of prijiciples of a*adXp/vis^al sequencing and student 
interaction patterns whicl; permit the developmenjp of successful lefespn' 
paraddjgiris. . ' j-* 



of exercises. 




"^5.; ,pevefc5)m^nt of several such'parad^j^^ri which were biased dozens 



6 o Development of- computer-bas^si'd teadh^r control and feedback /routiri 
including student performance data. reporters and lesson prescription routi 
* 7. Implementation of the instructional routines .and~-servfces ^tlinei 

V ■ I ' - 

above in 25 classrooms with 52 terminals equipped with touch parfels-, slide 
selector's, and' random-acci^sB^ audio devices. . • 



8. ..Delivery of 1 7, 000 ^hours of instruction to 1 , 225 kindergarten, \ 
■ f^^st grade, remedial, and educable mentally retarded students - 

The principal successes of this program are believed to be the 
following: , ^ " ' 

1. The ^enthusi-astic acceptance by students and teachers of -well-designed 
CAI as a normal part of daily instruction. Between the school years 1974-75 
and 1975-76^ the number of teachers participating in the program increased 
from 15 to 25. All teachers were volionteers. 

Teachers and other observers have also reported that ^students in general 
are enthusiastic about interacting with PLATO reading^ lessonsT Students who 
have experienced behavioral" or academic trouble in the classroom appear to 
-be especially eager to interact with the lessons. Positive acceptance of 
'both teachers and students, however, is contingent upon the proper functioning 
of .equipment and the appropriate selection arid design of lessons. VThen those 
conditions are met, enthusiasm is high; 

- . . 2; The design bf ^^uccessful lesson paradigms. Data sh^ (see Appendix 
5.1) that most students int.eract successfully with our lessons and that 
their performance imprbv^s with successive, iterations of the same lessons. 

The clarification of perceptions about what degree of lesson-pouting 
decisions-making^ i^ optimally handled by the computer as opposed to the - 
'classro^om teacher tsee Section 5.6). ^ ^ , 

The major obstacles to successful development and implementation of 
sophisticated curriculum are perceived as: . 

K, Unreliability of the audio component of the hardware. A child 
>x.eceiving gari?ied or incorrect messages will interact with a lesson incor- 
•irictly. Since there is no on-line mechanism to indicate that the audio 
is not functioning properly in ^'a given case^(aor is such malfunctioning . 



• • ■ 101 , . . 

obvious to an observer who is not listening to the messages a child is 
receiving through an auxiliary set of headphones), lesson designers were 
severely hampered in their efforts to analyze the flaws in a given lesson I 
The problem was compounded by the often random nature of audiyO" failures. 

Another obstacle connected with the audio devic^ was the produotipn 
of audio di^cs- Because the implementation was large, requiring the 

production of about 50 copies of each disc made, and because of the unreli- 

* P 
ability of the disc production process, each disc had to be listened to in 

its entirety before being released to the classroom- A great deal of 

curi^4^1™^ development staff time was speivt engaging in this verification 

process, which takes about 20 minutes per disc. Student help provided for 

this task was insufficient. 

The cumbersomeness of-this process also discourages lesson .revision*, 

since each time a lesson was revised messages would be changed and nisw 

discs taken to the classrooms. Finally, the slowness of disc prgduction 

frequently held up the delivery of lessons ^o the classroom to the extent 

that the objee/tives which the lessons were intended to teach had already 



been covered by the teacher. ' . 

2 . Inappropriateness of the computer-based Curriculum Management 
System (CMS) to the realities of elementary classroom instruction. Although 
appearing to be sound in itsMnitial conception (see Section 5.6) CMS in 
the final analysis acted against the integration of higher-level phonics 
and comprehension lessons into the curriculum (see below) . 

3. Scope of the original conception. In the opinion of most staff 
members, energy might have been better spent focusing on specific problems 
which showed promise of being unqiuely impacted by PLATO, rather than 
attempting to produce a complete curriculum on-line at a time when no 

guidelines for the ,u^e of PLATO with young children existed. 

O ' ^ ' '^ ' ' ^ ^ . . 
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5.2 BACKGROUND AND GOALS 



In 1971 the' initially small staff of the PLATO Elementazy Reading 
Ciirriculum Project (hereafter called PERC) sjet out under NSF Contract C-723 
to develop a beginning reading^ program for young children to be presented 
on- the PLAiO IV terminal and tested in the public schools., 

This enterprise began in a context which supported the image of the 
large CAI system's potential for taking over cdmplex instructional deci^ons 
and tailoring instruction for individuals more sensitively than, could the 
cl&ssroom teacher given limited time 'and large numbers of children. 'The 
hope was that, relieved of^uch bookkeeping tasks as recalling the status 
of children's skills and choosing appropriate lessons, teachers could dfevote 
more, time to personal interactions ~ developing children's social skills, 
dealing with the emotional- ,^nd behavioral difficulties which ^ increasingly 
plague the classroom, and engaging in the kind of instruction which can 
best be delivered face-to-face in free exploration of concepts and ideas. 

^ For these reasons, it was decided early in the pTroject to develop-Hot 
only a set of lessons but also ah automated system of selecting appropriate . 
lessons and delivering them to students. This system would have the poten- 
tial o% standing alone, operating effectively without the, intervention of 
the classroom teacher. At the same time, PERC staff members wished to • 
offer teachers the option to design their own lesson sequences. 

In pursuit of its mission, th^/ Elementary Reading Group explored both 
automated and ^teacher-controlled systems,* as well as many other aspects of 
real-world implementation of CAI. What follows is a statement of PERC's 
goals as they were perceived at the outset of the project,, together with 

a discussion of how some goals were accomplished,, some transformed in the 

/ 
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context o'f, classroom realities, and others left unattained because of 
' . ' . . . • ' ' ^ ' .' 

technical difficulties or conceptual contradictions within the goal itself. 

\ ■ . ■ ■ , 

First, the PLAyo Elementary Reading Curriculum Project was responsible • 
^r the development of a large body ^ instructional materials for - LeginniAg 
readers 'Stt the elementary school level. - ' ^ 

Second, and growing but of /the first goal, PERC 'was'^sponsible for ^* ^ 

development of guidelines for child-computer interaction's that would be both 

• .* ■ ^ 
*• - • ■ • ■ . " ' ' 

valid and general. By describing rules of thumb' about display organization 
and response processing, PERC could redwce the amount of start-up overhea^i 
for future such cur^riculum projects. ^ 

■^Third, PERC was responsible for development of a reasonable model of ^ 
the learning-to-read process, — ' 

Fourth, PERC Vjas ^re sponsible for construction of a beginMng reading ' 
curriculum intl^grating individual activities within the scope, "^quence, ' 
and logical .structure of the learning-to-read model, 

Fifth,''' because PERC was pioneering the large-scale classroom imple- 
mentation of computer-based cjorricula, ancither responsibility was to -explore 
alternative ways of integrating the c^Dmputer-based activities into the 
qulture of the class&om. 

• . . . . 1 ■ • ' . 

Sxxtn, PERC saw as its responsibility the development of a computer- 
based curriculum managemeht system which v^ould interface- between the 
instructional materials a^ftd the reading model on the one hand and the 
constraints of the PLATO system on the other. To allow freedom to expetir 
ment with different structures and at the same time to permit maximum 
independent functioning, this system would need to be flexible as well. as 
powerful, permitting the teacher to override the structures managed by ^the 
automated routiAg system.^ - 
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^ Severn th, related to PEROT'S commitment to -experiment with alternative 

foims of classroom implementat^n, was a responsibility to develop a power- 
f ul s^st^m whereby teachers could access on'-line performance data for 
incjij^idual ..children and gro^^ps.of children. \ . 

The sections which follow treat these goals in greater detail. 



5,3 LESSONS 



The commitment to develop a* large body of instructional materials in 
^ beginning reading has'^Trestalted in the 'production of .approximately ' 80 hours 
of lessons. 'Below is a listing* of lessons 'available by .category, together 
witti a brief description of the c5ontents of each, 



5.3 



1 Orientation to the. PLATO Terminal 



This category includes 14 lessons aimed at familiarizing the child 
with! how to interact with the teminaT: how to type his or her name on 
the keyboard, how to use sjbecial keys, and how to use the touch panel. 
These lessons also provide the child with a chance to become accustomed 
^ to wearing the earphones, changing audio discs,, and listening for directions^ 
^ This j|)reparation is important to the child's competent ! furtctipning in ' 
readirg skill-oriented lessons- Most of the lessons make heavy use of* 
animations- and imaginative situationls with which the child can interact. 



5.3.2 




Visual Skills \ ' 



ls*^(^atego;ry includes 35 lessons intended to exercise children's 

■)■ V- — " ' ■ . i ^ . - ■ -- - ■ 

discrimination^ of letters and- Wotds,^ and also to expand their visu5 

Lessons include exercises in .matching of letters and words fr 

of closely similar as well as dissimilar foils. Exercises >fn 



V / 

discriminating rotations and reversals of letters and words kre also presented 



I<i5 



. r . . , 

S^ajB" Letter Names 3 Alphabel^izal^ion, "^nd Introduction tb JLetter Sounds 

This category contains oj/er 40 lessons teaching letter names, 

■/"'•. ' ■ • . if ■ . 

introducing. letter-sound assbdiations / and offering exercises in alpha- 

'betization and the matching of \ lower-case and capital letters. The l-fesson 

' \ ■ ' ' I 

Lfbrmats include games and animated presentations aS/Vell as interactive 

("'■ ■.' ■ / . • ■ ■ • ■ > ■ ■ 

' exercises. V 7 ^ 1 

A ... ' ' / ■ ' 

5.3.4«„ Auditory Discrimination \ 

rr~ 

ITie auditory discrimination category ^contains over 110 lessons devoted 
to teaching and exercising skills in dej[:ecting the presence of a given 
phoneme in the context of words. Instruction often occurs. in the setting 
of a game in *which the child interacts with an animated character. 

■ - * _ , ( .-■ ,. " 

5.3.5 Phonics ' " * " , ' 

This category contained approximately 50 lessons devoted to teaching 
letter-sound correspondences 1. Most of the llessonfe were in a drill and 
practice format. Programming problems, pluslt^ unpopularity of the rather 
dry presentations, necessitated tche early disabling of these lessons.- 



5. J. 6 Basic Vocabulary Words - 
J : " 



,This category contains approximate 70 lessons ,which teach and drill 
about 56 common words ,| most of which are not decodable with straightforward 
rules of letter-sound correspondjence. Lesson farmats include such games 
as "Snap" and ."Bingo , " interactive, models . suclva^_ an jel^vator that responds 
to app2f6pp.ate touches on the words "up" and "down," and the construction by 
the child^of interactive stories using" the words he or she has learned. 
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5,3*7 ^Concept Words 



This category contains twelve lessons which y^give 'the child experience 
with the ' concept represented hy^a given word as well as the written form of 
the word. Lessons are. in the form** of animated iHustratioi^^nd interactive 
models. 



5.3.8 Stori%s 



This category contains over 30 stories which fall unckeF three different 
headings: ' ' ' 

1, Touch-sensitive commercial stoiries. These stories, used with 
written permission of the jDublishers for experimental purposes, include * 
a selection of theVfinest children's trade books availabloM Children can ' 

, - ' ■ ■ ■'■'-■V 

^ read the st^bries by themsel^^s or can request the computer to >read 'th^m 
page by page, sentence by sentdnce, word by word, or any mixtures of the 
- above simply^ by touching the appropriate place on the screen. Thes^exts 
^^of the stories are accompanied by . their illustrations projected on the J'creen 
, *-^^iiroaagh use o£ -the randoip-accesL slide selector. j 
C ^ 2. Pacer stories are" delivered without audio and are accompanied by 

comprehension questions. Although past versions of pacer stories presented 
stories to children line by line at a preset pace and width, the present 
version allows the child to control the. pace at which 'the -story appears. 
At the end of a story, the student is informed how f ^st' sfie or he has read 
the story and is given a score on the comprehension questions. The purpose 
0^^- these exercises is "to inj[rease the speed and accuracy of the child's 
reading, t 

3. Interactive stories. These stories allow the child to choose, at 
i certain crucial poi.nts in the pJlot, among a number of alternatives which 

mc ' 
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cause the .story to take a given direction. The stories are intended to *' 
improve a cl^ild's perception of a narrative as consisHiing of comjjonent: 
parts which the author manipulates. It is. hoped that interaction with 
such stories at an early age WQuld lead to improved skill in written ^ 
composition and in perception of causal chains in, narrative. | o 



5.3.9 Miscellaneous 



This categorY. includes such activities as a "start the' day" routine 
which teaches calendar concepts, plus special displays for holidays and 
children's birthdays. * j 

5.3.10 Lesson Implementation \> 



These lessons have been tested over a three-year period with a t^tal • 
of 1,225 kindergarten,, fir st-^-grade, and secbnd-grade children, tpgether 
wiiih a few classes of remedial and EMH st^udents. (See . Table* 5 . 1 . ) 

Although we soon realized that it was unrealistic to expect busy^primary 
teachers to learn to program their own lessons, or^ in^^ most casea to write 

■ . ■ ; / • ^ / . 

lesson specifications complete enough for a programmer . to work from, still 
a few teachers did sketch quite a respectable rjiximber (50 at least) of 
^lesson. ideas which showed promise of usefulness on PLATO. ^ Unfortunately > 
PERC's early dreams of using ^teacher§ as a major source of lesson ideas' ^ 
failed -to be realized because of a lack bf programmers sophistical^ed enough 
Ivto write lessons based, on their , ideas and because : 'th4 rich nature^ of many < 
ff these activities conf licted ,with the incapacity of CMS , ^ unanticipated by 
its 'designers, to integrate higher level activities with activities develojb- 
ing isolated skills. ^' ■ --^-^ . 
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-TABLE 5,1 • . 
SCOPE OF IMPLEMENTATION' 



. In 1972-73 and 1973-74, small numbers students participated* in 'the. 
experimental development of lessons. No terminals werej. installed i;: 
classrooms, . ' ' ' " ^ 



.^JJumber' of Class^oms ^ 
kindergarten 
Kindergarten-First 
' First Grade 

First-Second Grade 
Second Grade - ^ ' 

Remedial . . 

EMH "(9-11 years old)' 

: ^ 

\ Total Number ' of Classrooms 

Number of Schools 

■ . ^. . . ■ . " / ' 
Number of Terininals. 

Number of Teaczrhers 

Number of Children 

Number of Student Contact Hours 



Feb-June 
1974 



2 
1 

.4 
2 
75. 
1 ,000 



1974-75 

1 
2 
3 
1 

. 2 

29 
.15 
400 
6, 000 



975-76 



5 
3 
9 

2 
5 

' J. 
25 

9 

49 

25 

750 

10,000 



ERLC 
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Despite lack of heavy teachet input to lesson design, teache^j^ were 



eager to ilse our materials. Their chief interest lay in the 'less^Tg'' 

- ; ' ^ ) . . ■ 

capacity to hold the children's attention, to allow the, children to inter- 

act comfortably, to generate enthusiasm for peading, and* to teach necessary * 

■■ . \. , ^ *' \^ 
skills and concepts. Their most ffequ^t demand was for additional lesa^n * 

^ ,^ n ' ■ ■ ' 

.mgiterials. ^ ^ ' 

* ^ ^ ■ ' > V ■ ' ' 

'whether lessons* were^mah^iaged-'ander' the automated curficul'^ management 

#■■-'.. fc ^ , 

system or under the teacher-controlled management system (see Section 5 d) , * 

■ ■ ' .-"I -■ ■ . ■ 

all lessons shared certain J^eatures. Lessons/ were kept short . (averaging 
about three miniftes) and highly interactive, demanding 'a response from the 

• v ' /- ^ , - . ■ ' ■ . .• V • • 

child at least every ten seconds. In addition, children ha^>e the option 

at the end of a lesson to do the lesson again or ;to go on to another lesson. 

Generally speaking, children received PLATO in'^tructiori once a day 
for one fifteen-minute session. Depending upon the structure of thB class- - 
room, the session might rOccur during th*e child's regular reading period or 
sope other time* during the 'day when the> chil^^as fre^o " . 

5o4 GUIDELINES FOR INTERACTION 

<'^^^^^^^^^^^^^— ^^^^^ . • . t 

From the beginning PERC staff * members devoted a great deal of time and 

7 ■ ■ • 

p^nergy to th^ development of paradigmatic lessons which would alloW a ^ix 



year-old to interact with the terminal competently and independently, while 
at the same time focusing on the ^^kill to be learned. Typically, develop- 
ment of such paradigms. followed a pattern of initial programming founded on 
the best estimate of successful design, followed by repeated revision on 



the ba^is of v close observation of children working through the lesson An 
a classroom setting. Once direct observation coupled •with lesson pertbr- 
mance data showed a design to be successful, the design principles could be 



,>r\ 



abstracted and appli^ to the developmervt of more lessons (tuilt; on those 
principles. • Addition^^xercises were also added to specific mjpdels. For 
instance, in the a^uditpry discrimination strand", forty exercises were 
generated- o^i the basis of the initi^.. paradigm. 

* . This close attention to lesson design has contributed to one of PERC's'. 
successes o ?i:}c-y^ar-old students have few troijbles interacting with PERC 

le^sonis-.-and they, usually achieve the ^criterion Level set by^each lesson. 

f ■ • . • • • , 

Morec^er, they like the lessons and remain ea^er to woifk on the terminal. 



To' summarise the " approach which PERC has found most suofce^sful, 



lessons are designed, as nearly ^s possible around the priiVciple that 
students want to be effective within their environm^t; in other words, 
they want to make the terminal "work." PERC thinks of the student as pro--' 
viding the stimulus| and 4:he terminal as giving the response rather than the 
Other way around; for' example, /students put words together to form a sentence 
(stimulus), and the terminal animates the sentence (res^roVise) . 

Obviously not all lessons can -be designed to give the student the 
feeling of full control over the lesson; but most /essons do conform to 
the following guidelines, which promote the student's sense of control 
over the lesson: " ; 

1 o * PERC lessons are highly interactive and require a response about 
every ten seconds. ^ ^ 

2. Interactions are kept as ^'meaningful" as possible; that is, the 

" ' . k 

interaction is focused around the skill being learned. 

^ ^ 3. Remediations are kept to a minimum. Complicated remedial loops 

„„ ^ . _._ 1 : ■ >. T 

^g^n^e perceived by sti^dents as reinforcing because sudh loops produce 

interesting screen displays; .tfierefojre, when a ^student makes an error, he 

is. simply '^old that he is 'wrong and advised how to get it right, 

ERIC . ■ "^/^ 
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4. Procedi^ral er^ors^ (errors merflo out of carelessness) are simply, 
ifjnored for tliW7reasons described above. When the students make a response 
which is noitl((ex^ right or wrong, arid^when the terminal fails to respond 

to them, students' usually correct tiromselves quickly • - 

5. Roirtforcers are faded elaborate reinforcements (such as audio 

^ ' * * ■ * ' ' 

messages and long ^visual dispT^ays) can intrerfere with the interactive pace" 

of a lesson. 



LThere are three comments tQ_ be macie about the above guidelines: 
'1. J^Jot every lesson confo^:ms to every guideline; ^the^e' are useful 
instructional strategTes which fall 6utside thesi guidelines. 

2. An entire s^quenc^^f . J*^:^ns which violated most of those guide- 
Lines was present in the 1975-76 curriculum; by all measures, those less^n'is 
failed. . 

■ 3. The guidelines wdrk well wi^h PERG's first grade population; 
however, there is some evidence to indicate that first semester kind^- 
garteners had difficulties interacting with PERC lessons, largely b.ecause 
of the younger children's need for more prompts. / 

One of the thornier problems that has plagued PERC has been developing 



lessons in which jtzhe interactions were ;'simpler than the skill being learned. 

* 9 . , . ,; . • ^ , 

V . ■ ' 

V- . » 

This difficulty to^a large degree stemmed from PERfc/s commitment to produce 
an entire beginning reading curriculum on-line. Our experience. leads us to 
believe. that it would have been better if PERC had produced primary instruc- 
tic|n only on those skills which coul^ be taught in a unique way vi^ CAI and 
if lessons had been developed specifically to pomplem^nt the ^classroom 
teacher's primary instruction.^ - v 



^. ^ " . 112 • • ^ . . 

,. .■ ■ ■ ... ^ ■ . 

.y. ... .... , • . ... ' 

5.5 MODEL OF THE .LEARNING-TO^READ PROCESS ^ ■ ^. 

u — ; ^ 1 — 1 — ^ f 

• ' ... X y ' . •. , • ■. . .'.-^ . • ■ ■ ^ - . 

V Early in the project staff members developed a model of the learning- » 

. " • ' ^ V* ' ^ ^ , ^ 

to-read process, a sbructur^ which was in tended^ to bring' to the curiiiciiliam 
clarity of goals,5) a mfeans of diagnosing reading dif f iculties, «-«ffid a standard 
by -which to meS'sure the* success of various le&son strategies (S^le Appe'ndix 
5.2.). The. structure v;as based-^^^ premise » that, for the purpose^ of 
teaching and evaluation, reading can be defined in terms of, dbsefvable, 

\ ' M . >^ ■ ' : . 

measurable behavj/Drs, that the acquisition os s»me of the behaviors is 

. ■ • ' ; _ ■ . . • ■ 0. ^ . . , 

' jjrerequisite 'to the acquisition of others, that some behaviors may be / 

* - • . 

acguired independently c?€-;^thers and that the detailed,^ explicit statement 
. of these bejaavibrs, th&i^ order and 'intwerrelations,' provides a sound s..tf,uc-- , 
ture for "a bo'mputer -based system of teaching reading and diagnosing rea'^ding 

■ . " ■ ^- ■ . : .* ■ • • ' -■■ ■ '"^ 

difficulties. f . • , / 

The ^result was a hierarchical description of a hypothetical, process / 
of the acquisition of reading skills . Subsequent experience in th^ meshing 
of the hierarchical structure with specific lessons and the malffkgemenfc of J' 
the resisting curriculum by an automated system, Ijowjver, . leads us to ' : 

^believe that a hierarchical description of needed skills is not sufficient;: 
V'^o manage instruction ef faTciently . We will Qelve further into ttlis problem ^ 
in the discussion below, -which de.als with the* interrelated problems of- 
curriculum development, management, and implementation I 



6 CURRICULUM DEVELOPMENT, IMPLEMENTATION, AND !4ANAGEM^NT 'SYSTEMS 



PERC Vs_experi^ence ^wi curriculum and the 

impact of decisions relating to t^e management of that curriculum upon 
classroom Implementation can Ijaap^i^be discussec^^eparately • Having con- 
ceived of . the cu]j^/iculum- in terms of hierarchically^ relatt34 skills, PERC 



staff members developed d¥lid implemented the Computerrbased Curriculum 
Management System (.CMS)- which was designed to dynany^cal^yS^ute Bjrudents 
from lesson to lesson oh the basis of performance da tat gathered on-line. 



It was the. intention of •the designers' tK5c CMS qbviate the . necessity of * . 
frequent and time-ponsiHning t^ch^^^r^ intervention in th« l^ssp/^ s'e'lectic^i 
and delivery process and also that CMS provide more continuous attention 

' 'i}. :'• - ■ ^ ... ^ . 

\and sensitive aebJ^^i^-makingxf^r each.^* st\^ could the • busy cI^sst 

' -"^ "■ r ' ' ^ "^r" • _ r V ■• . .-f ' • A / 

room teachers. (See wApjaendix S5. I )> ' * ' \ \ ] . ■ ' ' ■% 



.In some ways, CMS fulfil'J.ed its task admirably ., . In *the ^^fii^ning oi 
the schpol- ye^ l9i75-*76^ 700 students received daily iris true t iori^deHver ed - 



•ff 



by C^ with few fail^ures and" little or no outside . intervention"'. In a 'context ^ 
in which students were receiving siabstantial instruction from no oj^er^oiirce, 
CMS mighli have operated reasonably satisfactorily. As it was, in tHe primary 
clas$i;oom the first concern of teachers and students is gaining. o*f com- 

. petence in reading. Indeed, most primary teachers 'consider themsel\jes • ^ 
first and foremost to be teachers^ of reading. Hehce, they typically use ^ 

a coneiderabre 'variety of means to teach reading, and directly or indirectly 

) ■ ' . / > ■ N» ' ■ . - . ■ 

devote the majority of the school day to this pursuit. * . ' ^ 

• - . v; . \ .■ • * • 

. . ' ■ , ■ ^ . 'y ' ■ : 

In the face of ^^ such redundancy, student performance *(data gathered on-line 

.1 ( ^ ■ . V :„ ■■• • ■ 

j^apidly became obsolete. Over time, the gap between what the student knew 
an# what CMS thought the student ki\ef^ progressively widened, until finally 
the quicker stijdents became bored with the ^ lessons they were getting, * : , 

■\ ^ ■ - / ^. 

Unforb^jaately, CMS offered no simple, clear, and reliable way for teachers 

•to change lesson sequences, despit^ great efforts to' integrate a teacher- 

« < 

managed system into the 'Computer-managed system. Ju3t who was in control - 
, ■ • ' ■ ■ .- ^ . ^ . ■ 

/of lesson delivery was ambiguous, and the' prescribing process difficult and 
■ • • ' ' . • ,^ 

unreliable. , „ ' ! ' " ' 

^ J. Risken and E. Weberi . "A. 'Computer ^ased cJufriculdIn, Management ^ ^ ^ 
System, Ed./TecK. Septemb^:?. 1974 pp 38-41. J . ■ , ' 
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A secorwj problem arising from tAe operation' of 'CMS' arose from the 
hierarchical description of the curriculum structure /discussed earlier, 
lieither.the structure nor CMS allowed for defining critical "horizontal" 
relationships in instruction. For instance, -it is tr^vi^l to stipulate 
that a student.be able to associate the phoneme /a/ with the grapheme "a" 
before. decoding words fcontaining .that* letter-sound correspondence.' The 
real difficulty lies in deciding. upon ' what .strategy ^to use' to teach this 
correspondence. JPIiat decision is . based- more on what specific wotds and 
letters the child already knows- than on what general skills have come before 
) (the vertical relationship) « From this illustration, it is also clear t^at 
decision algorithms for sequencing lessons are unique to each "skill area; a 
generalized decision-ma^cer is not useful for selecti^on and sequencing of 
specific lessons. * ' . / ^ 

■ • • . ' " . * . ' 

,^ ' .Naturally, the lessons and curriculum management options available will 
affect the form of implementation, since these options determine whether. and 
how easily^the computer-based curriculum c^n be integrated into on-going 
•classroom^ activities. The discussibh' which follows will clarify some of 
these relationships. 

^. Early in the project, PERC staff members decided that, the most promising 
configuration for PLATO terminals in the primary grades lay in individual 
classrooms rather than in rooms set aside -exclusively for CAI. In part, 
^^^l^^i^"^ ^ technical More importantly, it 

>*as, intended to assure that PLATO technology became a familiar, frequently • 
used, and highly accessible resource, and that it not be ' relegated to the 
status o£ "frill" like 'music or library^ . , . ' 

This model of implementation has obvious drawbacks: for instance,' 
responsibility'^^for supervising children on PLATO and for reporting machine- 
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and courseware malfunctions falls bn the teacher rather than on a terminal 
room monitor o Nevertheless, locating terminals directly in classrooms has 
proved to be highly popular. Of the twenty-five teachers involved with 
PERC, none has requested that termina'J.s be removed from her room, and all 
are enthusiastic about keeping terminals in the future. 

Questions about the e(5ucational uses pf^UiATO-ielivdred instruction 
are more difficult^to resolve^ From the beginning, staff members were 
concerned, that PERC be feasily usable for *rfa inline . instruction, review, 
reinforcement, or enrichment as the teacher chose. UnjBortunately , the 
design characteristics of the curriculum and of CMS as outlined above ham- 
pered efficient teacher control'and discouraged attempts at .integrating 
on-line and off-line instruction. 

For these reasons, and 'despite initial success , CMS was put aside 
during the last four months of the PERC project and a new system was 
substituted. The new system is a simple router which all'ows teachers to - 
design a sequence of activities to be delivered t<^/a . speqif ied student, 
group of students, or an entire class. The router then delivers lessons 
to the students in the order whi.ch the teacher has/fiesignated. 

This strategy. is a complete reversal of the CMS experiment. Respon- 
sibility for curriculum mabpgement shifts from the computer and 'those 
sophistic^6d in its manipulation to the classroom teacher. -Not surpris- 
singly, given clear, unambiguous^ and easy control of lesson sequencing, 
teachers began t^o take a greater interest in PLATO reading lessons and in 
h6^^^hese lessons might be integrated into classroom instruction. 

•liW resulting individual lesson sequences often might not appear to^ 
the outside observer unfamiliar with the needs of specific individual 
children to ha^e the ^ consistency and coherence of apportion of "curriculum. 
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This' apparent inconsistency stems directly from flexible use of lessons. 
For instance, .in one session, a child might receive an exercise dealing 
with the word family ending with -at, a story, and a sight word game. 
These activities may appear to be unrelated to one another, but in the 
context of other classroom activities, they take on more meaning: the 
word family exercise might act as an^Jjvl^roduction to an off-line teaching 
sequence, the story as enrichment, and the sight " word ^ game as a review of 
learning that took place several weeks earlier, • " 

Thus only when teachers were put in full co'itrol of lesson sequences 
were they free to engage in alternative uses of PERC courseware. Reliance 
on PERC staff members to interpret and alter lesson sequences dropped to 
practically zero; PERC site supervisors were able" to devote more time to 
observing and analyzing the quality of student interaction with lessons. 
At the same time, students received lessons* more appropriate to their 
actual level <of functioning, and both students and teachers expresse4 • 
greater satisfaction with and enthusiasm for interacting with the system. 

. 5.7 STUDENT PERFORMANCE DATA 

^ A persistent concern of the PERC group has been to provide teachers?. 

with easily accessible, continuously updated student performance data. 

■ . ■ .■K \ 

Throughout the 1974-75 and 1975-76 ii#lementation periods these data were 
.available^ both on-line and in hard,-copy. On-line data were continuously 
available. Hard-copy printouts were, available on request. 

Teachers often made use of this. data to recheck their own perceptions 
of a child's progress and to inform parents of a child's activities and 
problems on PLATO. A number of teachers sent home individual student ^, ■ 

performance printouts as auxiliary report cards. In one case*, the 
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information contained in the printout helped to convince a previously 
skeptical parent that a child needed extra help in' a certain area. 

Problems in reporting student performance data centered mainly aroxind- 
the questions Of how to display^ data for an entire group or class on the 
screen at one time* The size of the screen and the amount of information 
to be shown made it virtually impossible to construct a visually uncluttered 
display. Nevertheless, the demand for a one-p;age whole-class data summo^ 
pjersistp, ^and efforts are -being made tp design such a page. 

5.8 HARDWARE AND SOFTWARE CONSTRAINTS 

At this point it may be useful to discuss some hardware and software 

* ■ ■ . ■ 

related constraints which impinged heavily on efforts to achieve the goals 
outlined above.. It is against the background of these constraints that PERC 
achievements should be" viewed. 

First, one responsibility not directly related to educational goals 

e 

and yet significant in its impact on PERC' s achievement was the necessity 
to field test ^and contribute to the development of the random access audio 
device and to create software and hardware designs to produce audio discs. 

c 

The design inadequacies of the early, audio system, both production Of 

discs and output of sound, resulted not only in delaying delivery of lessons 

to classrooms but also In complicating diagnosis of lesson design flaws 

until it had been ascertained whether the problem was a design flaw in a 
lesson which was operating as intended or in an audio malfunction. If. the 
difficulty did lie in bafOly delivered audio, staff members then had to dis- 
cover whether the device in the*^, classroom was faulty or whether the device 
which produced thp disc wa*s faulty. This distinction was further complicated 



O . . . ■ 

based on teacher reports. These reports could not be taken at "face value 
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by the i'act that mastering machines and machines in the classroom were ^ 
often nc)t aligned to the same standard • As a result, macTi^nes could test 
out . as i^.echanically reliable and yet not deliver adequate sound because they 
were playing a disc produced on a machine aligned to a slightly different 



standard 
. All 

hardware 



"these aspects of dealing with the audio device — software design, 
problems, recording of masters, mass producing discs, going out ■ 
to schools to pick up faulty devices and deliver rejiaired devices ~ took 
up significant amounts of staff time and Energy and resulted in cjelayed or 
diverted lesson development. - ^ j 

Secondly ,^ although the long-range tendency has been to facilitate 
lesson design and 'to reduce the number of programming hours required to get 



the lesson into Working^shape , the continuing evolution of system software 

> 

has at times presented obstacles to lesson implementation. System software, 
changes had unproductive consequences when altered or obsoieted commands 
caused previously operational lessons to faiL and required progrdmmers to 
^ bring their code into line with the new conventions • Greatly on the 
positive side^, howe\^er,, improvements in such areas as graphics haye sig- 
■ rirf icsjntl^^^^^ tt>e effort .tihat; gges " intti display generation by making 

charatty^^^^^^^^^^ design ^nd manipulate and relative sizing, rotation, 

: ^"^^i^^^^P^^ to accomplish. For example, the series of 

commands ■"■Efec^'^^f^^^ a simple, moveable arid sizeable box required 

26 words Vf:v:coinput:er ''space in 1972. .In 1976 improvements in commands 
* brought that figure down to four words of space and greatly simplified 
programming procedures. - " , ' ■ 

In addition to improvements • in commands, systems features developed 
within the last year have broadened our communications options for both 
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students and teacheifs. CSrOupnotes files now available for student use have 
allowed us ta offer 
a file which can be 



chij.dren the chance to type stories and news items into 
accessed by other children using* PLATO. The groupnotes 



option can ai;^ be ased by teacliers to commi^icate with '?ERC staff and with 
each other, ) 

Moreover, new developments in Instructor Mode have expanded opportunities 
for '"teacher involvement in the PLATO system as a whole Among the coramunir 
catiops options previously not available to teachers' are not only groupnotes 
files but also personal notes/' which unlike groupnotes are accessible only 
to the person to whom they are addressed, and the^ "talk" option, which allows 
instant paging of and communication with anyone concurrently on thW system. 
In addition, teachers can now directly access the "repair"^lesson> whi^ 
allows them to report hardware problems directly to ma4.ntenance personnel, 
rather than routing such complaints through the PERC staff. Finally, 

through the new Instructor Mode teacher^ can now perform their^own roster' 
' . . "• ' \, . • • 

manipulations and access any lesson on the PLATO systeif*. All these develop- 
ments, offered since February 1976, have gontributed to teachers ' involvement 
in the "culture" of the PLATO^ system and have' reduced^ the amooint of staff 
time that -must be devoted to routine manipulations, 

Although the system developments described above h'aVe ^reduced the amount 
of programming effort required to get lessons up and running and have ^ v 
expanded the , range of modes, of intei^'actions wi^h teacher^, more work at the 
system level remains to be done if PERC- is to concentrate its full effort 
on -lesson development and curriculum' design. Two crucial areas in which 
system support has not yet been jDrovided are 'audio management software and 
expanded data structinres and manipulation options. System sijpport in the 
former area would free PERC programmers from having to maintain these 
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i _ ... ' . ■ ■ . 

programs; , support in the latter would increase the "exportability" of oiir. 
lessons by freeing^^thein^^ dependence on data-base structures unique 
.to PERC. , ... 

, '"^ -I ' ' • 

5,9 UNIQUE CAPACITIES OF PIAIo IN REApj^G INSTRUCTION . ' ^ 

" •'^ « ' 

This 'experience of members of th6 PERC group over three years of active 

involvement with teachers an4^ children points overwhelmingly to the high 
^motivational effect of PLATO, Children who have experience difficulty 

with or distaste for ordinary classroom activities typically engage willingly 

in PLATO activities. The ma jority ^of teachers involved have at some time 
-produced desirable behavior in problem children by .making their useiof ^ 

PLATO dependent on completion of other tasks or on appropriate -social 

behavior. 

We attribute PLATO'S success in motivating children to the following 
'Characteristics: 

1. ..The fact that the child controls the mediiim. Unlike a TV or 
record player, which operates without child activity once the de^^ce is- 
turned on, PLATO remains passive unless the, child provides input. 

2. The variety of sensory stiirtulatiori. PLATO proyid^^^ coordinated 
auditory and dynamic yisual displays, together with. the capacity for 

.kinesthetic learning by building displays through the tracing of figures on 
the screen. ^ 

3. The variety of means of inputting information. Interaction can 

■ ■ ■ " .J 

be through touching the scr.een display and through pressing keys on the 

keyset. , . . 

4. Immediacy of feedback. Unlike the standard hard-copy workbook 
•sheet, PLATO provides instantaneous feedback on the correctness of the 
child's activity. 
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We now feel that we are in an excellent position to make highly / 

■ - ■ ■ ■/ 

sensitive use of these capabilities to extend significantly the probj|era- 

/ - • ' ) ^ 

solving technology of the classroom, • \/ 

:\. ^ ■ * " . ' . ' • , ' • 

5,10' SUMMARY AND CONCLUSIONS " 

In conclusion, despite the difficulties attending an experimental 

effort which combines exploration of> the uses of a n^w andi; developing' 
^ ■ - 

' technology with extensive real-world ii^iplementation of that technology, - 

PERC ha^ experienced considerable success in gaining u^er acceptance • 

Acceptance has increased with the degree of user control of the system; 
" • ■ ^ ^ ^ 

this statement applies to both teachers and students. Teachers and / 

students will also , enthusiastically intera^c^ with materials developed by>^ 

others; the degree of use depends upon* the validity of the lesson design, 

for which PERC has developed effective guidelineSo 

At the same time, PERC has encountered thr^e major barriers to pro- 

ductivity in -terms of courseware development. First, the inappropriateness 

of the automated rCOTing system to the classroom situation • Second, the 

large number of classrooms .involved in the implementation, resulting ii\j| 

^state of affairs Requiring a relatively sizeabl^ convmitmeprif to supervisory 

and . liaison staff .^^ Third, the initial definition of the scope of the 

project: to produce a complete' kindergarten through first grade curriculum 

-a?ather than to focus on those aspects o£ reading which teachers feel they 

need ^elp in addressing, and. which PLATO technology can uniquely impact. 

This commitment resulted in the production of a relatively large "niimber of 

lessons (especially phonics) which attempt to impact auditory skills which 

are probably better addressed off-line in situations which allow the child 

• ■ ' •7' 

to see the human face. As a consequence, suph valuable integrating and 
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motivating ac^vities as games and sentence and story building were 
neglected J r - , ^ . , ' 

A fourth obstacle to^^development was the-, necessity of dealing with 
the random-access audio Idevice, the first generation of which was still 
under development as the project wa;s initiated. Unreliability in produc- 
tion-c't sound and tiie cumbersome, unreliable, and time-consuming process . 
of disc^^uplicatio.n complicated lesson analysis, delayed lesson develop- 
ment, consumed-^ treasonable amoionts of ^sta^v time, and h^.d u^ delivery 
of l^son materials to classrooms « '''^v^ 

The -las test generation' of audio devices, however, ^represents a con--- 

. : V • ¥^ , " ' ' ' ' ■ '\- ■ . ' 

siderablei^ improvement over earlier devices, in both reliability and ease * 
of ' student use. Audio capability, and preferably random accea^Lfia^abillty, 
are indispensible to an early Reading -J^dg^gram if the child Is to work 
. independently at a terminal. ^^e Appendix 5.3.) <f When the audio is worJcing 
properly, it provides' a vital commianications link, espdcially to the non- 

reading or language-.impaired child. Therefore, despite the problems and 

i ; ^ . ..... ^ ^ 

frustrations attending the development of a complex electro-mechanical 
system such as the audio device, it is apparent that *audib capability is ,^ . 
an important adjunct to . the iPLATO system. . JWays of improving reiiabiiity"^ 
and streamlining disc production should iie explored; alternatives to the jk 
present concept" of audio delivery should be investigated. 

- 4 . ■ " ■ ■ ■ ' 

To elaborate on the latter point, even when it is working optimally, 
the present system does require that discs, be produced and .physically 
delivered to the' classroom. Changes i,n lessons involving altered messages 
'require that new 'discs be produced and delivered . Without the new discs, 
the revised ^lessbns.^can ^not be implemented in -the 'classroom. Some method 
of ^delivering electronic programi^bie audio, which can be altered by the 
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lesson designer and instantly be' made available t6 all isites, wpuld vastly 
expedite lesson design and revi'sion. However, until such devices as the 
Votrax deliver more natural speech sounds, the pres'^t'^raddel Of recording.. 



natural human speech and delivering it with a^ random access device is 

. ■ \ ■ - 

As a consequence' of t^e^ lessons learned over 'the' course of the project. 



preferable; 



members of the PERC staff have in the last-moTiths of-the NSF-supported 

. . ^ ' " ' ' ^\ ' • J ■ 

effort made massive changes to the lesson delivery system, as well Bami 

improvements in the lessons themselves, Th^^esult has been to^ extend^ 

jteacher control over ^LATO resources and to shift focu^ from the 'Concept 

of PERC as an automated curriculum running in parallel to other c3^assroom 

activities • to th6 concept of PERC as a powerful resource tq be used for 

specific purposes at' the discretion of the teacher. ' 
^ • ■ , . . . - . 

Our experience with th^se modifications lead^ us - to believe" that we 

are now in an excellent position to- accomplish the following goals: 

1. To. implement lessor} and service routines at remote sites. 

2. To test the ef f^ctivene^^f alternate lesson sequences. 

3. To' design and implement a large library pf - materials taking . , 



advantage of the unique capabilities of PLATO. . t 
4o To design a teachfer training package whiq^ would bring teachers 

to competence in managing PLATO resources in two to four hours of instruction 
In the year following "termiriation of the NSF. contract, PERC staff 

members are continuing to work toward these goals. _t 
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Beiow is* a list 
1971-76. 
John Ris^n 
Bob 'Yeager 
Priscilla Obertino 
S 

Lezlie Fillman 
Dorothy' Silver 



of major staff involved in the PERC Project /from 



Carl Webber 
<Kathy Lutz 
Ruth Becker 
Janet Busboom 



Director 
Senior Author 
Director 



June 1971 - Februeiry 1 97/6 
August 1971 - present 
- February 1976 - pres^n 
Site Supervisor Au^st 1971 - February/ X 97 6 
Graphic Designer June 19y71 - August I975 
Site Supervisor Augu^J975 - prese 
Site Supervisor June 1974 - present 
Programmer September 1972 - October 1975' 

Lesson Designer September 1972. - August 1973 
Site Supervisor^ June 1974- August/ 1975 
Reading Consult; July 1971 - December 1971 
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Many others, including student hourlies and other p^rt- time employees, 

r 

Project, 



have made siibstantial contributions to the Project.'^ '/ 
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6; COMMUNITY COLLEGE PROGRAM 



6,1 DISCUSSION AND SUMMARY QE THE COMMUNITY COLLEGE PROGRAM ^ 

• This final report summarizes the. activities of *the "Comiffuriity College 
Project," a programmatic efjfoi;t organized within the Computer-based Eduea — 



tion "^Research Laboratory (CE^) to introduce the^PtiATO system into wide- 
spread use in a nmper o£ cpntraunity colleges within the state of Illinoi/. 
The report focuses especially on an organized fie^ld. test and demonstration 
of the system which was carried out; between Septemlper, 1974, and May, 1976, 
in accordanciS with a contract #C-723 between the National Science Foundation 
and the University of Illinois. i^^^^. 

The Commpnity College field test and demonstration vpjrogram called for 
collaboration aiid cooperation between a closely knit gfoup -of prdf eissionals 
at the University of Illinois ^(hereafter called the CC Project "staff , the ^ 
coordinating staff or the project coordinatj^ng st^ff) and^ very large. 

-and diverse family of "users,,*' consisting of faculty meiiibers; administrators, 

' . . . ' ' . \; -■■ ■ ' ■ ' .» . 

professional support personnel, and students in a number of community col- 

■A . • , 

leges in the state of Illinois. The role of ttie CC project staff was multi- 
faceted, and changed during the lif^e of the program. vDuring the years 

■> " ^ 

preceding th^e field test', it focused on the development and coordination of 

^ ■ " ■ ' S 

instructional nfSterials, during the latter course of- the program, the project 

staff acted in an entrepreneurial and facilitating role - td^intr6duce)new 

. • . . ■ ^ ■ ■■■■ . / ■ 

instructor-s to the us^ of this new mediimi, and to overcome a variety of . 
barriers, from serious delays in the installation^or maintenance of terminals 
to occasional misunderstandings about the nature of the system or project goal 
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. Throughout the .entire period (from' Janueiry,. 1972 to the present) the. 
success of the, Community College program depended on the deep insights and 

. generous gcx^^^ill of the community college staffs, headed by Dr. Oscar 
Shabat, Chj^ceMor, and Dr.^ Hymen Chausow, V^e Chancelfor for Faculty ' and 
Instruction, of the Oity Colleges of Ch:^cago 'and Dr. Willl'am Staerkel ,• * 

• president of Parkland College. It also depended on^the tolerance ,/ commit- 

ment, and motivation of a large "group" of community college faculty members, , 

< ■ ■« . * 

far too numerous to acknowledge by name, who made the individual and collective 

decisions as to whether and how PLATO would be used, - • 

/ ' • '■ ^ \, •■ ^ . ■ 

• The basic organization ofithe CC project and fiqld' test was . according . 



to' subject; area. This fact is of interest in -itself ; it is based on the 



way 



in which <the users related to each other. ,The critical decisions were 

■ ■ - .\ \ ' ■ 
made at^the grass roots level where faculty members identify themselves as 

. . ' / , ' ' . . . ■ . 

English teachers, mathematics teachers, etc. In addition, the various 

■' ■ ' . ■■ ^ , . ; ^ ' 

instructor-users of PLATO tended to learn from and cooperate wi$h instructors 
in the same discipline at other institutions in putting together a viable 
. curriculum.,. Thus, the body of this report is^ organized accordingXto the 
: five subject areas: Accountancy, Biology, Chemistry/ English, and Mathematics. 
For each subject area, we present a summary account of the, development of 
lessbn materials, the implementation and usage of PLATO in ^ the classroom, 
and the response of students and faculty to PLATO • instruction. A . description . 
of lesson c^psign, implementation, and use is presented in the^ij^jTE; more " 
detailed information on lessons, authors, usage data, equipment availability 
and function, and personnel and administ^s^ion have been assembled as 
appendigj^s that are appropriately cross-referenced in the text. In general, 
this report attempts to present the history of the project and the field 



tes't^i^n terms of the- -jfstoblems faced in the. course of implementing the field 
test and the. responses of approaches to working out solutions'.^ , ^ • ' 

• > ■ ' ■ • 

• 6,1,1 Basik: assuiriptioiTs and c?oals 

From its inception, the pifoject was iWended both to enhance and to • 
assess .the adoption of PUVTO by the communilty colleges under normal adminis- 
trativevconditions/^i.e^/ without imppsing dx;t^rnal incentives or cohtfca^tual 
commitmehts on the -faculty -or stjaft. Cpnseqtuenfely, choicejs of' curric3d^^ 
sitesi^nd metliods of implementation were irblegtedV^dapted or modified- under 
the complex and demanding conditions imposedji ;by normal community co:{^ege 
operations.. .In particul^ir , the individual ilnstruc'tbrs had virtually complete 
power to decide whethe|: and how to utilize ^he^ system. • ' 

Although the original -planning emphasized General ,feducation Development 

(GED) • materials and* the sciences, other areas ^J&re. later incorporated into" 

the-program: thSse -were Accountancy, English, and Mathematics. Several 

. ■ ^ ' ^ \ /: 

other subject areas, not fujly^ finder the coordinating purview of the 

; - ^ • ■ . ■ •„ ■ ■■•\ ' ■ 

Community Co^llege Project, were also introduced and documented, including^ 
instruction in nursing skills, music, language, 'auto mechanics, physics, 
^d computer sciences. Site selection, that is, the selection of the 
community colleges at which PLATO terminals were to-^e installed was 



made with -a view to diversity in theSmakerup and chair^ter of the. students 
and faculty. Participation in the field test and demon»s||^b^d^^[r was on 

completely voluntary ba^^s for individual faculty and students n no' contractual 

• • / ^ ' ' ^ ^ 

or monetary incentives were imp6sed. , ^ . ' , ■' 

During the course of the project, the coordinating staff gave special 

attention to the evaluation or measurement of key'factars relating to . v 
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acceptance of the new medium-. . %hese included (1) characteristics of 

effective ;Lesson development in the PLATO medixim, (2) adequacy of lesson 
content; and (3) appr6priateness of lesson level. Additionally, the project 
9taff tri.ed to identify what factors, beyond the -characteristics of instruc- 
tiohal materials, are associated with the acceptance or rejection of PLATO 
in the clas.sroomA. The following parameters were sampled or surveyed: 
(a) instructor and student attitudes; (b) the nature aHa^jctent of usage of 
lessons and (cj implementation procedures. 

In the final phases of the project,. the project staff worked to develop 
methods for the local (^o^unity college) planning and control for contin- 
uing use. of the PLATO system .after the completion of the field test and 
demonstration.; - ' 

6.1.2 MaJce-u^ <^f the Community Colleges ' ^ 

The field test olS- the PLATO system was carried out at four community 
colleges and ^ vocational school, which differed sigftif iqantly in educational 

^mission, administrative style, faculty make-up and student population pro- . 

, / ■ . . ■' 

files. The. f^jve, institutions, . all of which are continuing the utilization 
of PLATO following the field test, are Kennedy-King, Malcolm X, Wight, " 
the Chicago .^kills Center (all divisions of the' City Colleges of Chicago), 
and Parkj^rid cAlege at Champaign, Illinois. , In this report each institution 

• • ■ X. 

IS Identified fcy- number to avoid direct connection of data to, individual in- 
structors and students. At the outset, each college agreed to take part in 
the field test and demonstration by providing (1) space and environmental 
control for a "class-room" oT- terminals, (2) a portion of the cost of 

, ■ , : ^ •■ (J 

communications between CERL and the commuriity college site, and (3) in- ^ 

surance. for installed equipment. In addition, each c611ege provided re- 

leased time ^to a limited number of instructors for curriculum develop- ' 

■ ^ • «; ■ 

ment in selected subject areas. 

/ ■ . _ 

Two of :the four colleges. Parkland ancj 'Wright, offer a .substantially 

■ 137 . ^ • 
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traditional program leading to further study for the Baccalaureate degree; 
although both offer two-year career programs and continuing education, a 
sxibstanti'al proportion of their students typically go on to continue their 
education at a four-y^ar institution^ The student population at both' of 
these colleges is largely white and of middle income. ixDcated in Chicago, 
Wright serves ai^ almost ^ exclusively city student body, while Parkland 
serves a mixed urban and rural student population. Malcolm X and Kennedy- 
King also offer a mixture of traditional, career, and adult education 
programs; their student populations are made up largely of urban minorities. 
Kennedy-King College specializes in' health and medical science professions. 
. All four community colleges divide the academic year into two' semester ter^, 
although one school (Parkland) converted from^ trimester system to two 
semesters during the field test. All four offer traditional lecture and 
laboratory instruction. 

The fifth school, the Chicago Skills Center, provides instruction in 
general education and practical vocational subjects intended to develop 

> ., . ^ / 

fundamental skills to qualify students for employment in specified trades 

or vocations. Students at this school are- paid to attend classes; courses 

are scheduled cyclically as needed, ra.ther than regularly by semester terms; 

students continue in a gi\/en course until the training is completed .and 

they are placed in a job. The school aims to train* students to become 

productive workers; many of the students have not previously held permanent 

employment. ^ 

None of the schools are residence institutions; they serve populations 

that are mobile; some maintain strong ties with their local communities and 

* 

environments.^ The major portion of the students are self-supporting, work 
regularly scheduled hours, and spend little time on campus. In fact, even 
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. c ■ ■■ ■ . 

for students who are not employed there is a lack of participation in out- 
of-class activitie^ For example, many students are females with 'dependent 
children; they are a]^ limited in their time away from home.' 



All five schools emphasize teaching rather than research and stress 

■* ' ' ^ 

cost-effectiveness in teaching and administrative methods. At four of the 

* ; 

five institutions the faculty is organized for collective bargaining 
purposes, and many faculty members are especially conscious of the possible 
effects of computer-assisted instruction in displacing or changing the 
role of the classroom teacher. 

Table '^1.1 presents the distribution of terminals and associated 
peripheral equipment in the colleges for the field test. 

Each cooperating community college appointed a member of its faculty 
to be a PLATO site coordinator during the field test. These individuals 

scheduled the use of terminals, trained teachers in course management, 

" ' • ■ ^ ■ '\ ■ 

maintained records of use and equipment, and praigrammed instructional 

materials. in most cases, they were assisted by part-time student help. 
These people reported directly to their local administration and interfaced 
with the University of Illinois staff in a cooperative &nd consultative 
manner. They were expected to provide at the local level the necessary\ 
technical support to carry out the commuility college responsibilities 
for the project. In addition, each college released selected teachers to', 
contribute to the development of instructional materials for one or more \ 
subject' areas. This program broadened the familiarity of faculty members \ 
with the project but the percentage of released time and the limited 
duration? of exposure by a "released" instructor (often only one semester) 
sometimes detracted from the development of a highly organized curriculum 
project. \ ' 
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Equipfment 


in the Community Colleges 


- Spring, 1976 




School 


Terminals 


Slide Selectors 


Touch 


Audic 


Dawson 




16 


16 


0 


Kennedy King 


24 


24 


24 


0 


Malpolm 


24 


23 


• " 24 


0 


Wright 


24 


24 . 


24 


> ' 0 . 


Parkland 


. 3a 


30 . 


30 


0 



ERIC 



The coordination of PLATO activities at the commxinity colleges was 
carried out under th^ direction of Dr. Chris Dimas for the City Colleges of 
Chicago, and Mr. Donald Swank, Dean of Instruction and Mr, David L. Johnson, 
Directoi: of the Learning Resources Center for Parkland College. 

6.1.3 Project Coordinating Staff (CERL) 

During the initial phase of the Community College Program from j;anuary, 

1912 to July, 1973, the coordinating staff was directed by Dr. Alan Knox of 

sthe.^ollege of Education and Dr. Richard Videbeck, project coordinator. 

This phase of the program was very ^limited in funding; it. was largely aimed ' 

at instructional development. A major fraction of ' the limited support went 

into the training of a new group- of authors, an enterprise that was quite 

new both to the project coordinators and to the CERL laboratory as a whole. 
* (Up to this time, most authors had been self-selected faculty' members on 'the 

University staff, oriented to writing lessons for use in their pwn classes.) 

In July of 1973 additional funds were made available for 'the CC project. 
Dr. Daniel Alpert, Associate Director of CERL assumed responsibility for the 
project and enla^rged and reorganized the project coordinating staff- Five ' 
area coordinators were appointed to handle curricular development, implemen- 
tation,' and liaison: Accounting, Dorothy Pondy; Biology, Mary Manteuffel 
and Kathy Herrick; Chemistry, Dr'. James Ghesquiere and Robert Hubel; 
English, Dr. Pauline Jordan; Mathematics, Dr. Louis' V. DiBello. Dr. James. 
Ghesquiere and Dr.. Elaine Avner coordinated 'the activities of this group 
during the first year and Dr. Pauline Jordan assumed this responsibility 
during the field test from 1974-1976-, 

. The staffing assigned to the various subject matter grodps was geared 
to the volume of completed cours^ar^ that was available for use in July, 1973 
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In accounting and. chemistry/ many lessons, had been authored by University of 
Illinois faculty; therefore , relatively small staffs were needed^ The 

biology group was assigned^ a. full-time programmer to assist community college 

. . c ... ' . 

faculty in lesson development. The mathematics group averaged four , full- 

• . ' . - ' . ' / \ ■ 

time professional employees and the English grqup three professionals in 
le^s^on design and programming. There was appreciable turnover in staff; 
although the total full-time equivalents corresponded to about 10 or 12 
professionals^ a total of 30 individuals worked for the project between 
July, 1973 and November, 1976. In many cases, positions were held by 
graduate students without previous experience in curricular design or com--, 
puter-based education . Thus the training period sometimes exceeded the 
time devoted to the active production of useable courseware. Frec^ifently 
staff members moved on to more permanent positions because >of professional 
ppportunitie^j^^ personal preference. The extent of staff turnover and 
the level of professional experience should be viewed as significant factors 
affecting the project. 



6.1.4 Liaison 

r- 



In general, the relationship between the cooperating colleges an^ the 
CERL staff was characterized , by a strong level of rapport and. collaboration. 
In addition to frequent qommuni cat ions via PLATO notes files and individual 
visits to the colleges, the staff arranged"^ bi-weekly subject area meetings 
to review lessons, design courseware ^ and plan implementation. 
: To provide familiarity with the use of the system, senior members 'of 
the project staff offere<J two University of Illinois extension courises, 
"Introduction \. to Computer-based Education" and "Preparation of Computer^ 
based Instructional Materials" for City College fajefulty members in Chiagci. 
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It is interesting to note that a number of teachers who took the courses were 
'f-rom c^puses not participating in the field test; these faculty members, 
were strong proponents for the expansion of 'the PLATO system to bther' 
campuses of the City . Colleges . Dr. James Ghesquiere taught the introductory 
course in Spring, 1974, Dr. Pauline Jordan during the fall of . 1974 and 1975, 
and the spring of 1^6,. and Dr. James 'Kraatz .in spring, 1976. A total of 
85 faculty<afid staff members were enrolled as students. 

Two extensive^workshop^H^re held during the summer" of 1975 'involving 
the CERL coordinating .staff and Community College site coordinators. These 
workshops served to provide planning support between the two field test 
years; in particular, specifications were drawn up for user questionnaires 
and data collection. The results of the worksfl|ops are published as 
The Community College Users Report, Fall, 1975. ^ (Appendix S6.1.1)^ 

A detailed review of the various liaison activities is- provided in 
the subject areer^"5ufi?m4ry reports below. * 

6.1.5 1 Courseware • . ' 

^ A measure of the accomplishment in the area of courseware developm^t 

is the, publication of subjec-t area catalogs of courseware which not . only 

provide useful^^ndexes of the extensive courseware available, but represent 

a significant contribution in their own right. (Appendices S6.1.2 through S6.1 

They include PLATO lessons by authors within the project and by others * ' 

who made their materials available for use in community colleges. These - 

documents provide rather detailed descriptive information about all such 

f ' ■■ ■ . ■ ■ » ■ 

courseware. To- give an impression of the magnitude of this enterprise, we 

list below a numerical summary of the entries in each catalog:* 

Pauline Jordan, The^onunun^^ 
^Fall, 1975, CERL, University of Illinois, Urfeana, Illinois 61801, 1976. 
Appendices prefixed "S" indicate they are supplemental spnnr-;,t-oi„ w a 
volumes rather than textually inclusL in^this ^^c^entT ' • 
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Accounting " 48 r >^ . 

Biology 84 ' 

. Chemistry 36 . . ' 

^ English 117.' 
Mathematics' 124 

The catalogs also ^demonstrate the non-directive thrust of curricular. 
development ' for the Community College project. The implementation strategy 
from the outset encouraged and was dependent on community college teacher ' 
- participation in the preparation of materia^g. One of the best means for 
enlarging the understanding of this new technology was' to involve instructors 
in the authoring and review process. Encouraging teachers to design and 

i 

program lessons resulted in an eclectic rather than a -sequential process * 
for curriculum evolVition. In some cases, more than one lesson was written 
.for the same topic, and the use of le3sons showed varying individual teacher 
preference in tfie selectio^ of topics and instructional design. As might , ' 
be expected from this approach, the available lessons also. utilize differing^ 
formats or teaching strategies, e.g., drill and practice, tutorial instruction; 
gaming, testing, simulating experimental apparatus, infcwqnatiOn storage and 
retrieval, and record keeping. In general, teachers controlled the style and 
extent of the use of PLATO in the classroom; they typically viewed PLATO as ^ " . 
an adjunct to classroom instruction and personally selected lessons from the j, 
catalog that were well coordinated with their syllabi and teaching styles.^ 
In many cases, the lessors written by Community-College iristVuctors repre- 
sent the author's first efforts and shojald be ^^(itidered prototype instruc- 
tional materials. In some cases, the process of developing familiarity 



, with PLATO through authorihg^, the lesson was much more important than the 
product; also, this experience enabled the instructors to better select from 
available lessons those appropriate for irsei^ixi^.jtheir own programs. 

ERIC i^,: 
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6.1.6 Usage " . > * * ' c 

The following is a summary of the extent bf usage over the two year, 
period: , <» . ^ ■ ^ ^ 

Date . . Total^ #'Students Total #llrs of Instruction 

♦ ■ " • • ' 

Sept. .^1974 " ' 8236 . 34,632 . ^ 

June 15^75 ' , ' 

Summer 1975 1488 * / * * ■ 7,040 

Fall 1975 5606 • • ^ 25,221 

Spring 1976- 6350 30,74<7 

Total 21,680 97,640 

■. ^ * • ; 

^' . ^ ■ 

A breakdown by school and subject area for each period appears in " 

Tables 6^1.2 through 6.1.5. Each subject area report discusses, lit&age 

in greater detail and- may be consulted for more specif^-c- an^^sis . 

6.1.7 Data Collection ^\ , . . " 
• ^ The PLATO system level data program provides a collection of 

virtually every keypress of every student. Morep^^e/, the course records 
give individual and average Vomber of '^tuderxts and hours of, use.. There- 



fore, the problem was one of adequate selection and interpretation of , ^ 



of a3e 

data. Working closely' with th^ PLATO Eva luation and Educational Research 
group (PEER) and in conjunction with the external evaluation. Educational' 



Testing Service, the Community College project staff, developed several 

\ ' ' ■ ^ 

programs to yield information on time, interactiveness^ fit and rtisfit of 
instructional programs. This work was done primarily by Tamar^Abelioyich 
Weaver and Stephen Boggs.. Problems in design, collection, and especially 
interpretation of student performance d^ta is more appropriately discussed 
in the subject area reports relevant to , the target audience, specif«^^.c s 
lesson, and cir^uiigpt^nces of usage. , , 



College 



TABLE 6.1.2.; '"US/iGE BY USAGE BY INDIVIDUAL STUDENTS CoilTY CQJ^^ PLATO LESSONS 

JANUARY* 1976 - MAY .1976 



I ■ 



Accountancy ' Biology 



Chemistry 



English' 



Mathematics 



Other 





1st' 


iHrs 


tst 


IHrs 

1 

f 


fst ■ 


IHrs 




'#Hrs ; 


, Ist 


iHrs 


1st 


HI 


Q7 


■301 

jol 






1 /"I 

,161 


1 f\f\n 

1099 


219 

1 


890 


204 


909 


195 


' * 

■ 12 
GED 


32 


230 


y 






/ i 

313 
80 


\ * 

1200 
. 235 




; 1472' 




#3 . 


l1\ 


349 


436 


2501 


171 


; 996 


425 


2288 




1309 


116 


GED 














130. 


401:-^ 


/ , 


■j8o; 




14.' 


20 


' m 


■ -314 


1230 


■ 460' 

/ 


, 2989- 


349 


' 991 


217 


" 511 


51 


#5 


268 


1208 


■ 424 


2537 


184 


i310 


179 


617 


161- 


676 


503 


TOTAL 


\ 494 - 


2269 


' 1174 


6468 


976 


6394 


1695 


6622 


1146 


5657 


865 



"total t students: 6350 
Total f Hours:, ' 30,747 



\GE BY INDIVIDUAL STUDENTS OF COMMUNITY COLLEGE PLATO LESSONS 



September 1974 - June. 1975 



#Stu #Hrs' 



Accountancy 1197 5478.36 



' Biology 1506 8804.68 

. . ' ^. 

Chemistry . 0358 > 6439.24 



English ^ 2633 8020.86 

Mathematics ' 1592 5989.21 ' 



TOTAL '—\ 8236 34632.35 



. \ 
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12 



13 



14 



#5 



Total 



■ TABLE 6.1.4 ' 
COMITY COLLEGE PUTO USAGE BY INDIVIDUAL mm 
Simmer 1975 V 



'Accountancy 
lllv iHrs 



■ Biology 
1st IHrs 




25 200.40 



143 606.19 



168 806.59 



Chemistry 



English 
#St #Hrs 



65 159.( 



83 192.09 



62 153.14 



210 . 504.31 



59 398.80 



222 1736.00 

A 

178 ^ 564.10 
158 • 723.90; 
'63. 295.00 



^203 1545.80 



621 3319.00 



Mathematics 
*St IHrs 



'114 244.00 
55 ' 120.90* 
'58 100.60 



489 2410.10 



Total 
//St iHrs 



'59 398.80 
450 3482:20" 

357 ' 967.18 



296 ■ 1036.89 

A 

326. .1154.93 , 



1488. 7040.00 



*An additional 67.6 hours of usagp occurred under a multiple sign-on 



.USAGE BY INDIVIDUAL. STUDENTS OF COMMUNITY COLLEGE PIATO LESSONS 
' 'September -, December 1975 



■ V i. \ ■ 

' Coliisge 


■ Accol 




' Biology 


Cliemi3t!ry 


English 


Mathematics . 




mtancy 


Other ^ 




1st 


■'iJlrs 


ttst 


iHrs ■ 


ist 


IHrs 


ist ^ 


iHrs 


1st '^^ 




.•tst 


iHrs 




182 


1073 






.,78 


f ' 


257 , 

> 


1043 


,150 


3;i 


230 


777 


12 _ 


10 


49- 


^ i . 




1 




' 154 


493 


66 


.. 255 


A 


1 


■ '. 13,, 


35 


298 • 


H 1 J 






o4d 


^ per* 

555 


2997 


342 


1316 


173 


"394 


14 




411 / 


188 


631. 


246 


1700 


399 


1184 . 


*107 


.. 367 


103' 


372 ^ 


"15 

. ■ ; ■ 1 
t 

D , 


335 


1237 


471 


2681 


,197 


1479, 


181 


1034 

V 

\ 


40 


240 


513 ' 


1816 


.TOTAL 

1 


597 


S068':^ 


¥_ 


5559' 


667 


4828 


1546 


■ 1 

5851 • 


705 


2556 


f019 


3359 



..Total i Students:. " 5,606 
vW Tqtal i Hours: ' ' 25,221 



Itemized ori next pag?, 
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6>1,8 Some Observations and Conclusions / 



X 



1. If one takes into account the central fact^;that involvement in the 
utilization *of PLATO was carried out on a voluntary basis by faculty members 
a'lld students, the sheer magnitude of the field test utilization of the' PLATO 
system in the CommunTty Colleges is ample testimony for the receptive atti- 
tude and substantial acceptance of the system. Consider the following 
summary data : ^ . . 

Total number ^f instructors using PLATO in their ins^iructional activities 
(approximate): 175 

'\ . . . ■ ^ ' " ■ 

Total number of students: 21,680 . 

■ \ 

Total number of lessons available to (and used iDy) CC instructors: 379 ^ 
Total number of hours of instruction: 97,640 
These data speak for themselves; there was a widespread belief in the value 

^nd efficacy of computer-based education on the part of administrators, faculty, 

. ' . . ^- ' ■ . . 

and students. In our view the field test showed that there is a ferti^-e 

N ^ ■ ■ 

environment for widespread adoption of the system in community colleges if 
and when the economics of the system makes it possible. ^^^^ 

2. Economic considerations.^ In the community col lege s^^^^t^a t . took part', 
in the^ field test, there is a significant and well-motivated commitment for 
continuing the use/of th^ PLA'irO system for supplementary instructional 
purposes. HOWe^J^, it is also clear that the current costs of access are too 



1d3 
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high to anticipate a short-term wide^spread use of the system in providing ■ 
standard instruction in community colleges. Despite the widespread enthus- 

. .... »«;.... 

iasm for doing so, it is questionable whether the community colleges could 
afford to continue the access to the CERL PLATO system without ' some -subsidy 
for the next few years. T^hus the future' widespread application of the 
system in Community Colleges calls for the development of new versions of 
the system (PLATO V, etc.) that would permit substantially r^uced costs. 

■ - In the near term, however, the continued utilization of the system can' 
be justified in terms of research |nd development in using' the new medium r 
for conventional instructional missions. Alternatively/ we can explore 
applications in which the benefits would justify higher costs. In general, 
such applications-^ would entail either a^ set of activiktesC-not now being ■ 
accomplished by trie community colleges/ a new'and different (additional) 
student clientele, or a significant change in the character of .the educational 
uses of the system. ' Such possit)le applications are referred to in 4 below 

3. The community college project called for improvisation and invention 
in administration; the: establishment bf an administrative protests for encour- ' 
aging the adoption of a new technology had no precedent in the experience* of ^ 
either CERL or the community colleges. Furthermore, the original NSF con- 
tract, which if anything, overspecified the details of the field test in 
terms of courses, numbers of students and faculty, sch^dulep , etcV, provided 
ne^ither sufficient funds nor a format f6r implementing a complex program of. 
curriculum development; faculty instruction in the use pf the systeirt, and 
the development of effective liaisorl-vg^rocedures . In addition, the available, 
project staff was for the most part inexperienced ^n teaching or in the use 
of PLATO or both, * , ' . ' 
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These considerations all led to a significant amount of trial -and error 
in the implementation process. In .retrospect, we consider it a rather re- 
markable achievement to have carried- out the many-faceted field test that 
i6 described herein.. It goes without^ saying that with the benefit of hind- 
sight we would have done a number of things differently. 

For exampie, we would upgrade the personnel specification for some 

jobs and lower them for 'pthers. We would have focussed some curricular .. 

, J* 
development efforts in other 'directions, etc, > , * 

4, Perhaps the most significant observation we wish to make is related 

to the fact that; the goals' for the entire project were prescribed at a 

. highly specific leyel prior to the initiatior^ of the program. The y/^e scrip- 

tion of goals for tKe field test canno/t be said to have been identical with ' 

■ ■ e ' ■ ' 

the goals of tERL; rather they were based on the commitment by the sponsoring 

agency to an independent prescriptive evaluation by an external contractor , 

In particular, CE^ was committed to the widespread dissemination of 

PLATO utilization under ndrmal administrative conditions. Thus the project 

was confronted with two somewhat orthogonal purposes: carry 'but a structured , 

field test in specified subject areas, §nd at the same time, build a missionary 

spirit af exploration and experimentation by dedicated faculty leadership, 

wherever it could be identified. These different objectives did not make 

it easy to carry out a responsive/process -for curriculum development and 

evaluation, . ' 

From our point of view thfe prescriptive approach to the field test and , 

evaluation had both posijtive and negative consequences. On the positive 

side, '^oiir project staff was called upon to fulfill a contractual commitment 

to a widespread use in a very short time-scale. This elicited many 

innovations in liaison, in faculty development, and in cooperation between 
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staff members at comravini^ colleges and those at a comprehensive university. 
This collaboration in itself .is one of thfe major achievements of th^ 
program a'na one^ that deserves further discussion and articulation. 

On the negative side, the jJrescription of goals iin specific subject 
matter applications prpba'bly forced th^ trials into some applications .that 
did not optimize th^ use of PLATO eitli^r in terms of economics or effective-/v 
'ness. Furthermore, this approach prevented (by^ sheer limitatioi^^of resources) 
the exploration of applications of the system Into areas which are not 
already being satisfactorily handled by the community colleges... For 
example, there -is a significant interest in the possible use of PLATO in 
such apj:({ications^as academic counseling, special tutoring, adminii^trative 

procedures (record keeping, testing, business procedures, etc.), and on-the- 

> ■ it- . ' . - 

job. staff training. These appli^^ations might well be justified under con- 
ditions of higher costs than would-be acceptable^ for standard instruction. 
In other words the prescriptive terms of the contract forced the major effort 
into applications that were perceived as timely in 1970 but not necessarily 
so in 1976. , ,^ 

in d^^iing with an inherently new technology, we would recommend in. the 

f uture that^.^pie f l^xibiii'lsy ;i5^:byilt into £he program to perinit 

. ' ' ' i ■ ' '' ' . 

°administratiye flexibility- and the possibility of adaptation to meet 

unforeseen conditions 

°flexibility in the specification of goals 

^- . ^ ^ •■ ■ ^ • ■ . 

^s^f -evaluation of the project . (possibly with an external audit. 

insure objectivity) as t)pp6sed to the external evaluation-. , 

«. * • • 

imposed on the present program. . \ 




6>2 HcCQUNTANCY .V 



6.2.1 Introduction ^ ^ " • 



^ Accountancy was intended to be a part of the PLATO demonstrati*bn .project 

from its inception. Professor Thomas Lenehen of the business ^faculty of 
, Wright College, City ^Colleges of Chicago, was a member o^ the ad hoc group ^ 
of faculty and administrators from the University of Illinois and the City 
Colleges pf Chicago, which planned the early stages of the demonstration" 

, ^- - e the. initial curriculum. .Because-* of Lenehen 's 
^ early association with- the project, the accountancy curriculum was almost 
fully established and in operation prior to the formation of the Community 
College Project staff at-^ERL and prior to the beginning of the field test 
in September 1974.- Professor Lenehen '.s association' with the project is 
discussed more fully in Sections 6.2.2 and 6.2.3 below. 

In^July 1974, a half-time coordinator was added to the community college 
project staff to assist faculty in usang the accountancy lessofts. .Because 
the cuj^riculum. was established early in the program, the coordinator's 
duties consisted principally of encouraging and fao-ilitating the use of 
existing materials performing liaison between the lessons' aulihors and the 
using faculty, collecting and maintaining records of lesson use, and report- 
'ting on the program. ^ ' ^ * ♦ 

Since May 1976/ the accountancy section of the Community Colleg«t. Projeqt 
has operated without -the services of a coolrc^inator . However, because 
curriculum and a pattern of use in the community colleges are now well- 
established and because^ community college faculty have assumed the responsi- ' 
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abilities, management) and implementation, for curriculum development, the " 
absence of-a coordinator should notb be severely felt. ^ 



6,2,2 Lesson Development 



ivelopmfer 



The PLATO "accountancy curriculum presently consists of fifty lessorfsQ 
- •* ' . ' . . '. 

of whifeh forty-eight are currently in^ use and two are being readied for 

•• . ^ ^ . ' ' . . ' 

service. Of those fifty, forty-seven were written by two persons, eithe^ 

■■ ■ i ^ 
individually or jointly. Professor Thomas Lenehen of Wright College and " 

Professor James McKeown of the University of Illinois at Urbana-Champaign 

prepared all but the lesson "Partnership" . currently in use in the ^Accountancy 

curriculilm, [ 

lyjuch a^^is work was done b.% the Unive3:;sity of Illinois in 1972-73, . ' 

when Processor Lenehen was assigned to the University of Illinois for year- 

% , ■ 

-long training in pLaTO, During that period he co-authored and programmed 

' ' •'^ oil 

eleven lessons for PLATO ill which Wepe subsequently adapted to PLATO IV, 

Professor McKeown collaborated with Lenehen on those eleven lessons and 
subsequently authored thirty-six more lessons, individually or with cli^ 
assistance of other faculty and. graduate students. These forty-seven lessons 
are all applicable, in varying degrees,^ to the community college curriculum. 
Since the lessons were intended to serve not only the community college, but 
also the accountanpy curriculum of the University of Illinois, some lesions, 
espcially those on cost accounting and management analysis, have p.ess * , 

application to '^community colleges. Nonetheless J the available PLATO lessons 
form a fairly comprehensive coverage of material typically' included in 
.introductory accounting courses. Specific applicability Will depend upon 
th'e scope and focus of any individual^ course, (See Accountancy Appendices 
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6.2.1^ and 6.2.2).. The clpse^orking relationship^ of the authors has^esulted 
in^'lessons of similar format and uniformity of approach. 

• Three additional lessons have been prepared by other bomraunity college 
. faculty.^-Professor George Trent of Wright College wrote the lesson "Partnership. 
Professors Eugene ^Costabile and Robert Weaver have each written one 'lesson - 
which are ^now being readied for classroom testing.- Costabile^s lesson 
"Depehdent^ Exemptions" and Weaver's "Payroll and Payroll Taxes" should be 
ready J^or use in the^ 1976-77 school year." An index of Accountancy lessons 

... ' ^ ' ■ . - 

IS- included in appendix S6.K2 of the report. 

•■ ■ ■ ■ ■' f ' 

6.2.3 Lesson Design ^ ■ ' ^ | ' 

; . ' . ■ ■ ■ . ■ /' 

The greatest portion of the lessons^ \hose by McKeown and Lenehen, vjere 
designeS to provide self-contained ins'truction which could be used to replace , 
either classroom work or homework. Typically, the lesfson provides ^ short 
introduction to the topic aitd step-by-step ana^lysis of a sample problem.. 
The student is then asked to solve one or more similar problems using the 
same method.- Review of the sample is provided, as an optional aid, to be 
selected by the student if he needs assistance.' The lesson is programmed to 
anticipate certain incorrect responses and to provide the appropriate feed- ^ 
bace for each wron^ answer. Although lessons are self-contained, only 
McKeown and Lenehen have consistently used them to repla^ge instruction wholly. 

6.3*4 Implementation , 5 , , • - ' ' 

6.2.4.1 History. • ■1? 
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Upoh return to School #5 FaU 1973, Instrudtor G. assumed responsibility 

for coordinating all PLATO activities. During that time he was able to 

recruit additional accounting instructors for the PLATO program. During the 

initial phase of the field t^st in Fall 1974, uee of PLATO in some form or 

another in accbiinting and business math coyirses was so extensive that JEduca- 

tidned Testing Service (ETS) had difficulty in securing non-PLATO control 

grpups their evaluation of the medium, especially among instructors 

teaching day-time classes. Use at one school decreased in Fall I9f75 because 
w ■ ' * ■ . 

. . ^ ■ .' * 

of the loss of two faculty members, decreasing^ the number of accouritina 

sections wliich could be offered. , ^ / 

Although School #5 provided the greatest' use of PLATO, the lessons'' were " 
used at other colleges. ^ At Schoc^#4 only two instructors offered intro- 
ductory accounting, onj^ of whose classes served, as control groups during 
F^ll 1974-. In Spring ^974, PLATO was made available optionally to all - 
studeiits who wishted to use the medium voluntarily, in Fall 1975 one 
instructor 'used PLATO, and one of his two sections was reserved as a con- 
trol group. In Spring' 1976, the same ins tructor^. became co-chairman of the 
Business; Department and was simultaneously granted released time for PLATO ■ 

■ ' ■ . 

lesson development, both of which precluded use of PLATO in class. PLATO 
was made available for his own second , semester accounting students, who 
spent an average of five hours each using lessons. 

, * • ■ .■ 

^ At one college , PLATO was^ not as fully implemented. The sole' 

interested instructor^ was not' a specialist in accounting and was a junior 
member of the staff. * Consequently, he was assigned few courses in accounting. 
A tentative progra:m established in Fall 1975 to provide one PLATO sec^tion and 

V ' ■ ■ ' ' 

one control group wa^s not fully ^realized because the instructor's low seniority 



■J ■ 

/ ■ • ■ , 

gave him little qhoice of teaching assignments and there was some adminis- 

^ ' . • . . . . N . ^. , 

trative reservation in accpmodating the schedulin<^. requirement pf the test 
program. He was, however, able. to schedule occasional^ use of PLATO in some 
courses. 

^ • At School #2. two accounting instructors used PLATO^fT Because of School 
#2's purpose and program, classes in the Acco untying deigfl courses are limited 
to sixteen students each. One class was set aside foij^students for . jifhom 
English is a second language. in these classes, which ran full days until 
course completion, instructor^ tended to supplement PLATO instruction with 
classroom materials. ' ■ 

6.2.4.2 Us^ge jr ' ' ' 

The ways in which PLATO was used varied, from shcool to school and instruc- 
toir to instructo^r. Some faculty u^ed PLATO only as an outside-of-class 

■ J 



supplement; others used PLATO as a class substitute one' day each week or 
every other week; still others used PLATO only for remedial instruction; 
only one used PLATO regularly as an integral pa^rt of classroom instruction. 

(See Accountancy Appendix 6.2.3) . ^' ^ 

Of particular interest is the use made at School #1. ^here, PLATO 
accounting lessons were used in the Learning Lab. , Sequences of le^ispns, 
individually designed for each studen|t, were « made available for' all accoiunt- 
ancy students who sought them, either to remedy individual deficiencies or to 
provide extra practice. The generally greater accessibility of. terminals at 
.School ^1 made this LearniW Lab arrangement , particularly effective. The 
system was devised after an unsucyressf ul attempt by one instructor tp..us§.-'i^;^- 
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PLATO' in. the c^^^sroom in Fall 1974. when shortage of class" time, available computer- 
memory, and m^hanical problems frustrated use. The instructor continued to 
use Pl^ATO and to actively* recruit other faculty to .PLATO after th^ system of 
^ optional use was devis^. ■ ' _ 

Student use data is summarized in AccountanciV Appendix 6. 2.4. Inbri&f,' 
lightest use mas made of PLATO in the summer terms of 1974. and 1975. ' ' 

^ priiMipally because of lower/enrollments. Small total tlour usage' and 

smaller numbers of student users in Spring 1975 and Spring 1976 are Attributable > 
to 1) smaller enrollments in Acj:ounting 102. and 2) lack of lesson applicability of . 
PLATO accounting lessons to the^counting 102 syllabi. During tlie two years 
of the field test 2,59r students us^d PLATO, for a, total of 12", 054 hours of 
accountancy instruction. , ' ^ ^ ' . ^ 



6.2.4.3 Instructor Attitudes 



Of the seven instructors,' whose judgment on the "^lue of PLATO lessons 
are recorded in the Users' Report , March 1976, four thought the lessons of 
, high quality, and three of average quality; all seven "found the learning level 
of the lessons appropri"Site; five of sevens thought the' number of lessons 
sufficient, prte found them more than sufficient, and one less than sufficient"^ 

Of nine accountancy faculty members polled in Fall -^ISTS, four stated 
they would use their own time to improve PLATO instruction, four said they 
would not, and one did not respond. Of those who said they would 'not, only 
one had taken a University of Illinois extension course in PLATO and had 
designed one or' ruore PLATO lessons. ^. The .three others had neither taken an 
ext^erfsion course nor designed a lesson. In contrast, qf the four who # 
responsed that they would devote their own time to improvement of PLATO, two 
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6,3 COMMUNITY ^COLLEGE BIOLOGY 
6,3,1 intrdduction 




■' ^ ' 
The field test of PLATO in community college biology. 'has/clearly > 

demonstrated one characteristic of life ~ GROWTH: Since Fall 1974 

11 usage has more than doxxbled as measured by totar st^A^^ts :(540 - 

1174) and total hours logged oiTthe system, by these students (2^484 - 6468) , 

The number of in^structors who participated each semester has tripled 

(8 Usage by Individual Students, of pbmmunity College Biology Les- :. 

sons for each period of the field test appears below (Table 6; 3.1 )': ,,,. 

* ^ ' Table 6.3.1 \. 

USAGE BY INDIVIDIJAL STUDENTS OF, COMMUNITY COLLEGE BIOLOGY LESSONS* 



V 


Fall 1974 

■ #. #. 
Stu Hrs 


1 — 

Spring 197l5 

# ■ #^ . 
Stii Hrs 


Fall 1975 

* ;•■ * 

stuj Hrs 


Spring 1976 

.# : . # 
" Stu^ Hrs 


Totals by Schbo 
-Stu'* . Hrs. 


Scliool #3 


357 


1,826 


359 


2,1.17 


• 414 




' .^ "436 


:^,60i 


1,566 


8,^763 , 


School '#4 


162 


462 


262 


1,2B2 


. 204;^ 


636 


314 


T,230 


862 


3,610 


School #5 


81 


> 196 


375 


2,922 


. 479 


2,679 


424 


2,637 


^§359 


8,434 


TOTAL 


540 


2,484 


> 


6,321' 


1 ;097 


5,554 


1,174 


6;468. 


n . \ 
3,807 


20,527 
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' , 'A total of 29 instructors were involved : for' one or more semesters 
during, the. two year field ^test (25 for at least^three semesters)', teachinq 
a total of 75 PLATO classes* (See Biology Appendix 6.3.1: Biology User 

•Participation.) ■ * ^ f ' 

With this growing group of experienced ^users, the need for a f5rum to 
discuss pi^ij^ems became apparent. Therefore, after the^ir'st semester',. jg 
regular meetings ;o'f biology user? were initiated. The most 'common problem' 

/ identified. in these meetings was the need- for more lessons which were suit- 
able for the City Colleges of Chicago ,(CCC) , b^oth. in^ content and ^depth.^ 
Intense curriculum development activities, began in earnest during Spring 

j 1975. As , a' result of these ^efforts, ten new lessons were Witten and eight 
lessons were revised. Biology Appendix 6.3,2 details the sources of lesson 



I development. 

! ■ . f : ' ■'■■< v . ■ ■ ■■ - 

' These fj|gures demonstrate the fulfillment of two m^jor objectives of 
i the biology project: (1) the establishmenlj of .a stable group of instructor- 
users committed to the use of PLATO "in their coUrses^and (2) the beginning 
of a regular po^ogram ot, revision and development of PLATO pourseware by the 
colleges themselves. 



'6, '3. 2 Lesson Development - ■ 

/ I ' 

, ' ' W ' /' . ^ 

At the start of the field test 'in Fall 1974,' the PLATO biology curri- 

* ' , / . ^ ' ^ • 

culum was compiled from those lessons already^ on the system which were deve- 
loped under a variety of auspices a;bt:the University of^^llinois ang^the City 
Colleges of Chicago^ (CCC) . At the outset there were 44 lessons representing 



about three years of independent lesson development by five coritributing 
agencies: (1) University of Illinois at Urbana-Champaign (U'lUC) Extension 
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courses conducted at CCC; (2) JJIUC Bioli^gy 101-102; (3) UIUC Botany 100; ' 
(4) UIUC NSF project, and (5)^ University of Illindis at Chicago Circle ' 
Biology 101-102. The curriculum grew frbra 44 • t'6 84 lessons dUring the tfwo 
years of the Afield test. Biology Ap^dix 6.3.3 lists the biology lessons ^ 
available during the two years of use. -A'tot^l of 23^ of .84 lessons C27%) ' 
^ currently available were written or revised with regard to the^needs of the 
City Colleges. ' - I - 

For the duration of the project, PLATO was u^^d in four ^troductory 
biology course sequences (Biology 101-102, 111-112, 126-12?/ and' Botany 201-^ 
202) at the City Colleges of Qhicago. However, of the four sequences, lessons 
were only explicitly developed by the CCC far General Biology \l01-ip2. 111- 

basic difference between these sequences is a' laboratory requirement 
101-102 meets three hours per weeK; for l«t5ture only, 11^-112 meets six hours 
per week,' two for lecture and four. ^Ln two' 'laboratory periods. Anatomy and 
I Physiology; (Biology 126-127) and Botany 201-202 are also laboratory courses'. 
The relative amount of available in-class time is important in the discussion 
of implementation. . At present,_S2 lessons are rejevartt to the 101 and 111 
curriculum; the remaining 32 lesson^ pertain . to 102 and 112. ''The Human ' ^ 

Anatomy and Physiology sequence and the Botkny sequence use lessons chiefly 
from 101 and llijv* . " ^ ^ 

These 84 lessons represent approximately 55 fefburs of instruction.' For 
rejtent estimates on the time required for individual lessons see the - 2^976 
Goffimunity College Bio logy Lesson Catalogue (56.1.3} . Data on' time were ob- 
tained from lesson summary tables (average completion tiine) and/or from the 
on-line accounting lesson when available. An accurate^ indication of the actual 
length of .a lesson is v^y difficult to determine because time is dependent 
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upon a number of variables. Many of the lessons- are open-ended, as in 
experimental' simulations which allow sjbudents- to alter parameters, many 
more of the lessons have^ indices enabling the student to repeat individual 
sections. In addition, students may come to the session with varying 
decrees of preparation. All of these factors affect lesson, completion 
times. Sj|[^e no measure of time will provide an accurate measure of the 
amoxont or insturctional material without rigid documentation, ^perhaps a 
more ^ realistic use of time data is to concentrate on all actual usage 'and 
examine the average total time spent in each lesson. 

.■ ■ ■ . ■ ■ , -' A 

' 6.3.3 Lesson Design 

< 

The lessons conprising the curriculum were designe'd by j-ndependent 
^ groups, and were usually intended for ^limited use by specific student popu- 
lations. At the start of the field-'test mahy of the'^* lessons Had not'^been 
extensively stud^ept tested and lesson inf lexi^biXities became apparent with 
^ider use. Recognition and discussion of tl^se problems in users' meetings 
proirrpt^d^ instructors to identify basic design requirements tp guarantee that 

lessops' were easy for students to use. These features included: indexing, 

•■ • »: • - ^ ^ 

unlimited use of access keys (e ..g. ,\ BACI^) ' and 'HELP available at all questions 
All' new lessons and lesson revisions by the CCC and cornmunity college bio- 
logy -group incorporated these features. The group also established a lesson 
deweloj^mfent procedure whi^h involved periodic ^feviews during the development 
process to insure that lessons meet minimum standards before extended/student 

-use. ." implementing PLA^O in Biology. Education at Three Community Colleges 

' ■ s , 1 • ' * • ' 

• (S6.3.2) may be consul'ted for moxe detailed information. Since criteria for 
■ ■ . - • 

lesson acceptance were initia-lly established in these users* tings, -their 

' ^M. S, Manteuffel, Implementing PLATO in Biology Education at Thj^e ' 
. Conwi^ity ^Col leges . February (^1 9,76 , CERL University of Illinois, Url^kna, 111. 



role gradually evolved to that of a review board for lessons generated * 
within the City Colleges. / v 

_ Another lesson design feature which developed out of these' me^ings 

and the field^test was the use .of drivers (standard lesson coding) f Since' 
standard lesson specifications w^re desired, the use o^f a driver was a 
logical, development because it allows uniform presentation of critical 
aspects of the lesson such as the index and Viz. The student, freed from 
the task of deciphering each author's particular 'programming conventions, 
• can* more efficiently concentrate on the lesson content. Two major drivers 
.were developed and used extensively in a number of lessons: -one was 
written in^ the co^unity college biology group (S. BOggs^. and the other in 
: the CCC programming, group (M. Yamada) . Most of ' the" revisions which occurred 

during' the fielk test entailed adapting lessons to these drivers. 
■^v\ in addition t'o these .structural features, four types of instructional, 
strategy are identifiable 'in. various combinations in these lessons. The * 
strategies, -practice, tutorial,, simulation/model, and inquiry are defined 
as follows : ^ ■ ^ 

Practice . Lessons iS^ich assume student has received instruction 
off-line prior to the session. These lessons are suitable review exer- . " 



cises. 



Tutorial. Instructional presentation followed by' dirept questions 
on content or practice . , • ' 

Simulation/Model. A real situatioh is duplicated On-line via PLATO 's 
graphic capabilities. Simulation is used to describe lessons in^ which each 
step of a process is^ controlled by the\student; part of this ^process may . 
include designating parameters and observing the results. Model Is used to 
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leasons ^vrtlich involve only manipulation of parameters, to altet * 

a graphic *dis'pl'aty.; . ' * / ' . • 

» * ' - ' • " ■ ' : 

InquiVy> Instruction rfollpwed by questions and feedback^ which guide 
the student towards a conclusion* V ' ^--k^^ l 

Two additional categories which a^e represented l^^s frequently are: 

Game , Student learns in a competitive setting, placing- eithel: against 
PLATO or a real opponent. 

^xam. Test items presented with immediate feedback. 

Because many of the lessons were originally intended for small-scale 
use, 'there are a group of lessons (by. R. ;Arsenty and G. Hyatty for which 
supplemental hando^its or workbooks were prepared. Seventeen lessons have 
supplemental material to accompany them. In Fall 1975, handbooks containing 
a complete set of handouts were distributed to the colleges and maJ^ avail- 
able in the learning centers- Lessons such . as these that cannpt stand alone 
are much more dependent upon consqientious instructor review prior to student 
use. ' 

Six lessons required the use of the slide selector capability, but the 

I 

T 

slid^ se^lectors were not readied at two of the sites until Spring 1976^ .and 
one site is still not 100% operable. 

by tl:ie last^semesters of the project, ' many of the areas which had been 
identified as de'ficient in PLATO lesson material were eliminated. Most in- 
structors felt there was sufficient material for their classes to justify 
sclieduling sessions throughout more than half the semester. 



V 



■ ' -i ■ ' :.;'.-.> ■'■ ■ . , •■••'■> 

■ ' \. / ■ ■■ • ; ■ ■ - 

6^3,4 Implementation . 

The most "important variable in PLATO was the acceotance of ciirri- ' 
culm. A ha2;<*-copy catalogue of lessons was made avail^le in Fall 1974, . 
The catalogue is keyed to an on-line index lesson so the instructor can V*^"^' 
choose^to review a lesson by the catalogue niunber. 

Eleven of the initial 44 lessons were written by CCC instructorsT^ 
most of these instructors immediately became field test participants. 
Because th^ lessons themselves,' which were written for an explicit student 
... PPPulatjcfSTT attracted other department members to PLATO. Other Indirect 
~ generating factors were communication by project personnel, interaction of 
current users with other faculty, and the curiosity generated by the pre- 
sence of the terminals. Guidelines'^for using PLATO were conveyed to i.n— 
. structors in orientation sessions, if the instructors had not participated 
*^-in the extension course. These sessions included using ^.ntroductory . lessQn (s)., 
advice in selecting lessons, reviewing lessons as a student, learning on-r. 
Line mahagement of rosters and curriculum, scheduling sessions, and student 
orientation. ' " . . ^ 

In these sessions suggestions^ for actual usage were made, but instructors 
were encouraged to develop a mode of usage with which they were comfortable 
and which was effective in their classes. Most- chose to accompany their f . 
students for weekly scheduled sessions during classtime. Case study reports 
from Spring 1975 indicate that twenty of twenty-two teachers scheduled regular 
. sessions. .Some teachers experimented with independent (unaccompanied, out- 
. 'of-class) use. Many instructors indicated they used PLATO during class AND 
^ outside of class. In all, complete independent usage was tried by six in- 
structors during the field test/ Four were using PLATO in the 126-127 sequence 

N 
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for which few PLATO lesson^ are appropriate and often used as remediationA 
"Of course, regardless of the niomber of scheduled sessiojfis, students GiSn us 
, the terminals whenever their'*"schedules permit and terminals are free, Appen--' 

•dix 6.3.4^ illustrates in scatter plot foriuat this analysis-: of optimal versus 

.'■ " * - . ' ■ I J • ■ 

required usage. . . \ ^ ^ . . * 

^ That instructors were reluctant to - experiment y/ith independent usage is 
not accidental. It can be explained in part by the non-resident (Character 
of these schools; many studin^s have other activities away from the_college r^.i* 
campus. Requiring students to use PLATO outside q£ 'cl^stime is difficult: 

.'■ ■ - - • .■ ^ : - ■ \ ■ 

/because terminals may c^ly be available iix a time block that would nipt acc.omq- 

. . ■ ' ■ - - • ' \ > . ' ■" 

date individual schedules. The only time an instructor' can be assured of . ^ 

, - ' .. . 

. having bpth sttldents and terminals concurrently available is to schedule ses- 

sions during classfime. This imposes special constraints on 101 and 102 in- 

I ' • ' ' • . . : 

structors, whos.e classes meet only one-half as often as 111 .and ll5<^ Instruc- 
tors of 101 andT 102 courses must require lesson material theyvfeel can com- 
pletely^ replace a lecture or -^hey must res¥>rt to outside use.^ Appendix^. 3. 5, ^ 
StatisticaJ^^efit on Course Usage^bata^^^ shows e significant difference, in mekn 4 
scheduled sessions, « but no significance in mean number of hours spent by stu- 
dents on PLATO between 101-102 and 111-112^ hence to sj^end the sajme number of 
hours on PLATO, the 101-102 students must be utilizing time out of class. 
Independent' usage is appealing in many instances, especially when a 
lesson is unfinished in a scheduled . session. Even when the average time for 

- . . ■ • • ' « .L - . 

completion is less than a class period, some students wilit require extra time, \ 

■ , - - ■ ■ ■• - ■ 

In order for the self-pacing feature of computer-assisted instruction to'b^ » 
utilized effectively, extra time must be available. Lesson indices and 
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-restart- commands which allow the student to resiime^a lesson v^ere it 

has interrupted fiirther enable students^ to use their time very efficiently. 

Based on Spring 1976 course records, the number of lessons made avail- 

■ V 

able to students in each .course varied from seven to thlrty-two^ ' There 
appears to be no c6rrelation between the number of lessons made available - 
and^ the number'of scheduled sessions. The motives 'of .instructors were 
. clearly different — some expected student's to cojnplete all lessons .made 
available, i.e., lessons were assigned; others offered more ^ treedcHn by pro- 
viding a wide selection of relevant topics for use as enrichment 

Usage data for individual lessons were accumulated over each of the 
foxxr semesters. '(See Biology Appendix 6.3.^6: Lesson Usage ,ySpring 1976.) 
^Numbers of different students us ij^ig lessons is presented for all semestgiB^ 
total time spent by the students on ^ach lesson is also included^ for Spring 
1976, For e^ch of the last two terms the dii^ from General Biology courses' 
is expanded into histograms to illustrate the relative' usage of particular 
^ lessdhs across all courses. 



Y Even though all but a few lessons (less than five.; have been made avail- 
able to student;s by their instructors at one time .or another, only 65% (50 of 
78) were used regularlj^, i.e., by greater thai? ten ^tuiSents or used in bbth 
Fall 1975 and Spring 1976. Only 30-40* of thS^essons were used ^y greater ' 
than 10% of the students. In Spring ^976, twenty-six l^ssons^^^c^^c^^^oT 
90% of the total tim^ spent in PLATO instruction, m time in nXe ' " 

lessons aione 'cori^feuted. to 50% pf all the usage from this term., s/x of 
tfee nine lessons v^re authored by City Col Vg^e^instructors anFone was ' ' t 
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written by the Community .College Biology .Grou^ specif ic5ally for use in 
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CCC classes-. However,- of .the twenty-six lessons that accounted for 90% 

. • - . ■ ... - ■ : .. .; ; ■ J- - 

of the time, fifteen were^rom outside sources- It appe^irs that the single 
most important criterion, in choosing a lesson is matching the eContent to 
-course curriculum, not the^ lesson author or strategy- , . ' . ^ ' 

* , V * ^ ' ^ • ' ■ ' ^ 

6-3?5 -i-Attitudes , . ' ' , 

Continued participation by instructors reflects the positive reception ^ • 
of PLATO in biology education at the City Colleges of Chicago - 

Attitudes toward PLATO h^ve been well-documented in biology via on- 

and off-liine measures. One large scale attitudinal evaluation w^fs conducted 

with teachers and students in Spring 1975- Results of the questionnaires are 

detailed in the Cgjgjiiunity Coj-lege Usage Report, Sprii^g 1975 (S6.1-1-) and 

Jmp^lementing PLATO in^ Biology Education in Three Community Colleges (S6-3-T); 

Brd/bfly, this- study, detemined that the level of . teacher experience (prior 

ekjDpsure to PLATO) had an effect on student's attitudes- - More positive atti-^ 

tudes were ide;itified among s-tudents of ' "exfferienced" teachers 'than in the 

. ■ ■ ' 

entiri^ PLATO student population- . ? * ' 

This questionnaire r<^vealed that we needed" more specific information 

about , sij^Tj^dent background -before each session. The data V/e had obtained, needed 

to be supported by information on how. each lesson was used and how students .:. 

were prepared. ' Since our staff w^s too limited to^'conduct "long-term classroom'" 

observations we developed an on-line ^uestiom>4TDre which^ students encountered 

, , - <? 

.when they completed a lesson- '(See Biology Appendix 6-3-7: On-l;j?ne Question-" / 

, • ■ ■ ' V . • ' ^ ■ 

naire.) The data obtained >was often not very discriminating, probabiy as a 
resyit of theClimited populatio^ which encountered and elected to fill 3ut^ j- 



tipie ym^stiohnaire^ The responses "wliich wpuld have been the most revealing,. 




i.e., those studejfits who were unable to finish a lesson or elec;ted not 

to finish, were the ones we missed. f ' 

. Throughout the field test an on-lxne comment lesson was available to 

students after they completed a lesson. The pu^rpose was to provide students 
with^a forum for their opinions about lessons. During -the last year of - 
the field test students, were able to, ehoose.lhis as a lesson from' their 
indices thus enabling them comment at any time. ' The community college ' 
biology staff responded as o^ten as possible^o humanize the experier^, ^ 
/The comment files ^ere also available to instructbrs. Very often student • 
comments were the basis for proposed lesson revisions 

- ■■ . . . . ■ .- . •. ^: '-^ ■•' 

6. 3-. 6 Recommendations ^ ' -t^ . 

^ The principal goal of the PLATO Community College program has been 
to( optimize the use and acceptanc^ of PLATO in existing' institutions . ^. 

Wi'th the establishment of a stable group of users in these two--year insti^ 

' . • ' ' " ' ' f ' ' ' ■ 

tutions, the draphasis should now shift to three areas: ' curriculum develop-- 
ment, curriculum evaluation^ and computer management of instruction, ' ffurri- 
culum development was, of ^course, r^nec.es^ary in the implementation process," 
and has been pursued from the beginning of the program • - > 

■ . The Biology Users Group elected to concentrate ^ curriculum development 
on the general biology sequence and this was very effective. - Future pro-, \ 
jects should, always 'concentr^e their e/forts towards ^single goal as well. 

/ ^ - . ' 

Some possibilities for carriculum development might include a#3evelopment ' 

^ - . * ' ' /■ 

of a series of, "dry" laboratpisy. actlviti^^ on PLATO fpr Biology 101-102 

(non-laboratotV) co\irses. .This cpuld entail increasing the credit hours 

for 101-102 ^ (from three to four hours j^^ y^ it would not substantially in-- 

crease the teaching ass igmne:>t for instructbrs. if attendance vtere monitored 
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• this could serve as a motiv.ator for independent use. Such a curriculum 

! 

could build on lessons already in existence,, such as "Blood Typing" or • 
"Drosophila Genetics." PLAto can also be used tc^ provide much, of the 
explanation that must accompany actual laboratory exercises. A, series 
of lessons could be developed on laboratory techniques ^uch as' "Use of 
a Microscope." The microfiche capability could be exploited in both these 

* instances, to provide realistic experiences. - • , ( " 

■ * ^ ' > ^ 

^ hesspn development procedures at the CCC have been satisfactory-. ^ 

_31 though there has been a tendency to rely on tutorial instruction, the 

'cjomposition' of the Review ^Board helps" to 'ma jntain a generally cjynamic » \ v 

approach t<^ lesson. 'development. Nevertheless,- foVvany group writing - ' - 

lessons, it is advantageous' to have a consultant organization formatters ^ 

: concern^^^lesson design. The coinmunity college biology group performed 

ihis role for the CCC %Lology Review Board during the course of the field 

test: This function' sh.oul(3 be continued by some organization, ideally 

with sub jji^t oriented personnel, ^'or subject area develo|^ent Ve^ipheral 

to^biology/such as ba^ic' biochemistry, joint meetincfs with the ' Chemistry 

Review Board are reccJmmended. • ^ 

. Curriculum evaluation for educational effectiveness is 'an area Mbhat 

was impossible to investigate in the real wqrld situation in which .the\^ 

field test was conducted. In order fpr^the on-line responsaTdatatLO be 

V ' ; 

meaningful there must be knowledge of specific circumstances und4r which a,- 
lesson was used; we did not impose any "constraints of u'sage on our* instructor- 

• ' ' ■ ' ' ' " . •'• -'■< 

Ui^ers^ % • 

, ■ ^- "(.'-■'/ \ 

■ ■ '> ' ^ 

Finally, teachers need to , investigate the use*bf PLATO to manage as 

' i- ■ ^ - V ■ . 

well as ijnstruct.. Sample curricUj^ should/,be 'a-Sfeembled li'llustrating various^' 



routfin^ options for students and their usefulness in individualizing 
instruction. ^Teachers should be encouraged to develop on-line quizzes 
using quiz driver, lessons for their qonstruction. In addition to review 



d grading* for students, tiiese include options for . the instructor fbr 
analysis of quiz items and for reQord/^teepijMon student scores. ^ 





COMMUNITY COfcLEGE CHEMISTRY 
•6.4,1. Introduction ! * * ' ^ ^ 

. — T— — . ; • V ... , . . 

The development of chemistr'y Materials for PLATO had been begun by 
chemists and educators well before ^JSF Contract C-723^ began in^^J^^ry 1972.' 
Consequently there was no need ^or creating ..from the start a comprehensive 

chemistry curriculum for use in the community collages. Existing lessons- 

■ . . ' • ' ■ , ■ " ■ ■ 

were put; in service from the beginning of t;he demonstration project. ^ 

(The principal authors of e^ly PLATO materials were Dr. Stanley Smith, 

Jam^s Ghesquiere and Ruth Chabay, of the School of ChemicalSciences; and 

Robert ttrandey and' Larry Franci^, of the College of Edugation', at^the ? ^o'' 

Universitw^cfti Illinois at Urbana-Champaign. During the course of the project 



lessons continued to be written by f acuity ^at the City Colleges^ of Chicago 

and Parkland, ,and by faculty and graduate students at the 'University of . . 

I . I - ... 

Illinois at Urbana-Champaign. . ^' 

* since .^Lessons were conti-nually under development by. interested outside 
gropJ^, the community college project staff • ch9s@. to 'Inclement, ^^essons rather 
than develop thfem. The' first chemistry coordinator , responsible -for imple- 
mentation, was Dr. James GhesquiJere, a chemistr^" author who served as- 
chemistry coordinator .from September 1973 to August 1975;" the ^second was 
Robert Hubel, coordinator from September .1975 to Augus*^ 1976. ^ _ 

6.^^*2 Lesson 'Development ' ^ . - . < ' / 

The catalog of general chemistry material available ,p?-e^ently^ includ<^ . 
36 lesions and would take the average 'etudeni:lapproximately' 26 hours. /Iri ^ 

' ' ■ ' ' • •' ^ V- " ' ' V \ ^ : " ■•. 

addition) thelre are"^ organic chemistry lessors averting hours, to complete. 



There ar^ one or more lessons each, of the following atopics: _ (See 
. appendix 6 , 4 . ^ / • • * * ' . . . 

SEntroduction to the PLATQ Terminstl and Keyset 
Math Skills 5:ssential for Chemists . ^ ; 
The Metric System ^ ■ ' . \ '■ \ ^ , - i" * / ' * ' 

' Scientific Notation . ' * ' * ' / 

_^The metller Analytical BalaricQ ^ ^ 

^ "^^^sity. Mass, Voluifie a^d; Specij^c, gravity ^ 
^ Name^^and symbols of me' Elements • y 
Properties of ^t^e Elem^^s 'J 
Atomic Numbeirs andyAt6j^^ Mass 



Valence Elegtrons 
The Ai^fbau Principle- ^d Writing Bleqtronic Configurations 
Nomenclatuj^e and Fq^ul'as * ^ 

Ionic and Covalent Bonding . V ^ ^ ' ^ 

Lewis StruQ^tvirSs' ^ ' V ' ./f^ ' ' 
Historical Developmeilt of the ]^omic ^Theory . / 

Determination of Molecular Weight and Percent Composi'ti 
Oxidatioh- Numbers 



•a 



of ' Solutidns 



Balancing "Chemical cEquations 
Mass and Mt>le Conversions, ^ , 

> Calculations with Equations' ' 
The Gas Laws 

* ' Kinetic Molecular Theory , qf Gaaes 
/.Ideal Gas Law Derivation Experiment 

Molar, Normal, and Percent 'Concentrati<5n 
Dilution .Prol5lems-. ' ; 
Fr^ezJj?ig Point . DepresS\i6n'' Experimerii_ 
Acids^^^a4id^.^'sfes in.. Water 
Use of a Bur^t 

• Titrations and Titration Curves 
jbH'' ' ' ' ^ ' ' ' - ■ . ^ . ■ « . . , . 
Chemical Equilibrium . " . - ' \: ' 

v'Kineti'cs \ - ( ^ I 

Heats of Chemical R^ac^ions . . ' ' - * . ' 

e>'Inorg^|^c .Qualitative Analysis . / • / - 

Nuclear Qh^iS-try ' . . * . ^ . x 

■ . ■ ^ . ■ ' ^ . : ' • , : , . - ^ . r 

[-(Se^ Appendist S. 6. 1.4 , for a comprehensive index of chemistry. J-essorfs . v '^ 
jUsed in the communaty* c^il leges. ) ] . ^ ^" : V.i^" ,* " " 
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" 6 . 4.3 Le sson s ign 



The city College^ 'of Chicago iVfStitut^d^an effective method ■fQr^_^^tI^ 
design ^nd production of PLATO co?frseWa;re for areas in which^ no^nl.esson$ \ ' - 
e;^ijSted. ,A board was formed ^jpgjsistin"g of ariy interested chemistry in;3truct;ors 



lesion programmers, a Chicago PLATO^" coordinator > and the Communi^^ College ^ 
Chemistry Coordinator. The' teachers- were' acutely, aware of course materials 
not addressed by any PLATa' lessons . When the topid for a new lesson is 
, identified, one or more pf the faculty designs a lesson on paj:)er and 
distributes it t# all members for comments and criticism. Corrections are 
made to that paper copy to make the terminology of the lesson' "consistent 
with the common texts, confusing points are cleared upy and sufficient 

^ . ■ , • • \- . ■ . • . 

corrective feedback is incorpqra'ted. ' After 'review- is completed ^1:6 every- • 

\3 ■ - ■ ■ . -. , ■ • . ■ . . 

one's liking, the lesson is programmed and reviewed onge more. In 
addition to . content errors, the group searches for programming .errors*^. If 
any major piodif icatiion must be. made, the lesson' i^- reviewed once more after 

> ' . ' ■•. • 

correotibn. The, Chicago City Colleges PLATO* Coordinator supervises the 

^ . . ■ ' ' * t^'". ' ' ' * . ■ ' • ■ 

procedure/ allocating the human and financial resources. In this fashion, 

" - ' ' ' ' ■ ' '•* ' ' ■ '■. ' : ^ 

lessons useful to Sll instructors are produced. . , ^ 

' ■■• . ■■■■■■ ' ■ ■ ■ ^ ; - ' ■ '■■} ■ 

■ Thi^VP^Qcess has worked quite, well in. chemistry for a number oj^ rea"5ons; 
1) many individuals aire able to express .diverse opinions for consideration 
by the rest of th^'.board> 2) either by chance, or by the nature of chemists, 
■personalities have blended. well , 3)^ specialists in cbntent, instructional . . 

' ■ ' ' ^ . ^ ' ■ ^ .. • . / ■ ' ' ' w ■ 

desi<^n,, and management are present; elimifiatirig the necessity for one pepsSn 

*i , ■ . ■ . ^ ' ■ « ■ , » . • " 

- ' ^" . • * _ . , • ■ , ' 

to possess alL skills. ^ • ; . ^ * 

\ The type- of lesson f'ound most effective was t*he^ problem-Solving' ^lesson, 

which presents a typical text -book problem, expMTins in a step-by-step way 

. . . V ■ • ■ • ■ • .■ ■ • ■ I . ' ■ . 

siimilar^ to tlxe e^xample. A typical format- for, such a' lesson* consists* of 



1)' a brie^^dAtraduttibn to the topic and presentation of- a sample problem. 



2) a detailed, .explanatory solution to the Sample problem-, and 3) agyeral 
similar )Drobiems fdr;^ practice, • In the last section, the largest one, several 
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aids are available to the student. . A calculator is a;Lways available via 
^. attudent selected option, ofei^r aids include 1) a review of the introductiolir- 
v2) answers to the practice pro5w^,^>^) feedback to the student, programmad to 
respond to commorlly made errors ,^^n^ ^ sequence of remedial questioning 
which guides the student back towa^ird tfie correct solution. 

Tl^e. bo^rd has produced lessoris of this type for topics in molarity, 
percent coi^osition ^d dilution, gas laws, forriiula writing, moSS .relation- 
ships, and calculation^, involving balanced chemical equations. The board ' 
also, designed lessons in drill format on nomenclature and bxidation numbers. 



Since the PLATO chemistrSTcurriculum also includes a large number pf 
organip chemistry^essons written for use the University of Illinois, 
these, too, were made available to the community colleges. Two ins1:ruc tors 
made use o%; the organic chemistry lessons. The usage data^ in the report 
does not include u^ of those c^g^nic chemistry lessons*- If they were 

included^.^ teWemistry usage would increase by four percent (4%) . 

• • ■ ^'t'i — / ^ . " ■ . ^ . ' ■ 



6.4.4' IiT^lemehtation >?^ - 



, Iniplemeg^ation of the chemistry curriculum in the Illinois community 
colleges consisted of: ' ' 

r. Collecting student performance data throughout th6 whole project and ' 
•• submitt^ it^to Educational^ l^esting .Service (ETS) for interpretation, 
and ihc^^ion in their report, as required by co.ntra'ct. *. ' 

2. - rTabulating and reportAjjg total, PLAfb chenii-stry usage in the cbmmunity 
, colleges^ , ^ , • ■* v ^ _ . • ■ - ^ 

3. ^ Assisting in the de.3ign' and review of.jj^w cheiTii;stry lessons written b^, 

•the chemistry board^at the^ City Colleges of Chicago.- ' * 



4.. -Setting Up courses for instructors and providing an on-line "index of the 

PLATO chemistry lessons availkble. ' 
5. Helping instructors with individual problems in the use of tTie curriculum 
. Revising the^ written catalog of general chemistry lessons. 

7. Surveying attitudes of tedchej^s who had used PLATO in their classes ■ ' 

r . ■ - ■•■ ■• 

8. Acting as intermediary between^ chemistry teachers and authors 

Implementation ^of chemistry materials did not at any time mandc(±e an'y 
particular method or, methods, for the use of the materials. Part of Nie 
project was to learn how PLATO. wouXd be used if left to the discretif 
of each teacher.' Consequently, no experiments or studies were made 
which required anyone to use PLATO in an unaccustomed or unwilling Wnne!r 
Any -teacher who used^^£:AT^ ^volunteered to do so. Some chose to' con^^ 
a^PLATO and ^ non-PLATO class, in t^rder to create data for anaJ.ysis\^y>^S on 
possible differences b^ween the two methods of instruction. Results of any 
such analysis should appear in ETS reports, and are beypnd the scope of this' 



report 



, Usage data .dcj^s support the obsesCvatidjR that , instructors used PLATO in 

different ways Including : 1)' optional use on stfiidept's ov/n time 2) assigned 

use (gn^student's <Dwn time afnd 3) assigr^ed^use during a scheduled class session 

^ ' \" ■ 

^When teachers used optional Use on student," s own time, they lowest usage 
• ^ '^.-^ ' \ 

r^salt^d, students, merely bro^^d' through the lessons to ^atisfy their, / 

curiosity about PLATO. Typically, these instructprs did iiot preview afiy 

chemistry lessons and' consequently made np recommendaticyis to .the class. 

The implication • is that greatest lise of PLATO resulted when instructors ' ^ 

established a, PLATO curriculum suitable for their .classes. Few ihstrutors 

adopted unsupervised use of PLATO.. In contrast, a number of instructors ' > 



committed^ much time to reviewing available lessons choosirtg those appropriate 
.for their .classes\ieveloping new lesson^, and encouraging the use of PLATO. 

^PLA*!^ lessons were also used to replace or reinforce classroom topics. 
Sometimes PLATO provided practice to achieve mastery; occasionally a topic . 
was introduced in PLATO' and developed in class*. Extensive information on 
individiial instructors usage is documented in the Fall 1975 Community 
College Users Report (Appendix S.6.1.1).. Approximately 50% used PLATO during 

V 

V clas6 time. PLATO usage from Fall 1974 to Spring 1976 is sh9wn «in Table 6.4.1. 
)Ting 1976 usage by class and college is shown in^'Appehdix 6.1.2. 



Table 6.4.1 

CUMULATIVE GENERAL CHEMISTRY USAGE 
Fall 1974 - Spring 1976* , 



0 



Fall 197^^- Spring 1676 



Fal«l 1975 - Spring 1976 



All j::hicdgp., Colleges - / 
Students #. Hours ^ 

^ 1308 " ""6439 

1602 lf024 



Total 



2910 students 



17463 hours 



3?: y 



6.4.5 Attitudes 




The substantial prbgrfess ifi developing and implementing; the chemist 
largely be attributed to a number of faculty members who 
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^responded to the attituc^e question ir^ a Fall 1975 survey, teachier attitudes 

toward PLATO were ; . . - ' ' 

. ■ " *' 
- attitude negative negative to . neutral neutral to positive 
' ^ ' ' neutral positive / 

- • . . *^ ' ' ■ ■ ' - , ' ' ■ 

■ 'Frequency A, 0. '1. < 2 ' 8 ^ 5 

■ % ■ 

Among the twenty-one instructors who responded^ in the same survey, • 
assessment of the quality of "PLATO lessfens was: - 

-tjuality very low " low average*' v ^^Ig^,. t^: very high^ 

^; frequency- ' 0^ » " -^^i ^ ' 

During scheduled ^'class sessiions an average of ..1% of^the students were 

'unable to ^jwork during the Spring 1976 period .5% of the terminals were in- 
operative^ Interruptions' bccured in 1*3% of the scheduled classes, but never 
required^the cancellation of a class. ^, • ' . , r 

r ■ ' .V • ' . • 

o6-;.4«6 Recominervdations" '^^ ; . ^ • 





^ „ \ PLATO has been demonstrate^^ to gain teafcher commitment, .» It is antici- 
pated that, additional courseware will be developed and usage maintained on 
increased .depending on" terminal availability. • There^'^^eems to be litCle 
cause to-^rpject problems with the use of PLATO, in^ chemistify* Ooe of the 

fera;bilit] 



. strength^ of the program has been the test 'of transfera^biiity of the ^ * 



courseware . 



10- 
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6^5 C ommunity college english 

♦ 

6»5, 1 Introduction 



The 'Conuniinity College English Project presents an intriguing qdessey in 
courseware development and implementation of computer-based (PLATO) instruc-, 
tion in language arts skflls. (Perhaps no other single subject encompasses 

wide a range of learning, outcomes/ enjoys as exteijsive a course require- 
ment status ^y ,all^ students, or reflects as- many educational approaches among 
faculty members of Vt^ie.sam^ departmefi4;^^^,,.^>--^ / -/ 

The effective use of language is.^. uhiv:er^;y.y regar^d as the sine qua 
t)PJ^. of academic study as-V|ll:' as ^n esserifllSSpfe^ every • 

career. Hence, the range of "English" courses . in the participating colleges 
embraces reading, rhetoric, literature, am research. The problem of 

|nti^ying.uth9:^ placce o-f PIATO in the curriculum vjas "Sif f icult—not because 



of ^ i^ck of opportunity, but because of a lack of ifdcusl ^, 
6* Curriculum- Development 



Faculty members at' the .participating colleges hav^ ^contributed mo^t .of\, 
' %j • ■■ ^ ■ • ' 

th^ available English lessons.^ These have been developed in wide a variety 

of ways- : . 

Pt'ibr. to the |Natipnal.;'Sti6n^^^^ Barbara Geaither and 



Er3^pl ^1^^id"&on, developed English lessons on the pYato III Th^stem t1\at vfrere 

> . ■ . . .• ■ f^,/. ^ ■ ^ ' . ^ . •= ,. . ^ I 

later . revis^^ for PLA^O IV. • Geaither and Magidson were members of a group of 
fuHrtime release'd- teacher? .from the City College- of Chicago, who' worked *at 

'tb^ university of Illinois- ComJfeuteE-baaed'Bduc^tion, Laboratory' during schobl 

vy^ar 1971,-72. . .."'.t- ' , - 
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tn September 1972, Dr. Richard Vidabeck, Director of the NSF Community 
College Project, initiated efforts toward an English curriculum. ^ With Tamar 
Abeliovitch Weaver, a CERL' programmer, and Elise Spencer Gorum, a full-time . 
released Chicago teacher, he began work c;jn a s'entert^e generator using 



transformational grammai:. 

Dr. Videbeck also taught a course for Chicago teacher;s in development 
of computer based materials. Three English instructors ISavelope^ course- 

'^ware by this method: Joe Vojacek,' poetry and rhetorical, logic;' William Ibbs, 

■ . ' ^ ,"*,<•'". 

paragraphirig; and Robert Bator, research tools. Videbeck also^directed the 

'•.\ ^ - ^ . 

^work of P^iil Elliot and Bill Lucas, CERL staff members, in reading compcreheu- 

V ' ■ ■ 



sion. 



Concurrently during 1972, two part-time released Parkland College 
l^^dhers, Dpris Barr and Sally Wallace, separately deyelc^Ded lessons in 

sfent^nce structure, usage, and gramirfaftC chiefly for their own students. 

' . • " • ' ■ ■ ■ ' , . ' ' 

They were trained and assisted in programming by Jim 'krqLatz and Judy Sherwood 
PLATO Service Org^nizatiCMi, CERL. Another, independent project in vocabulary 



lessons was directd© by Dr. Richard Scania^ of the University of Illinois 



Classics Department. 

Thi^s, during the fira^jpighte en months of tl^e project (January 197'2 - 




August, 1973) authors proij^^d a limited amount of unrelated 'material. The 
lessons yaried in subject matter and teaching style. Some lessons were 
not* suf f icie'ntly pilot tes.J^d to Eliminate programming', errors and sevea^al 
were never completed, • * * . ^ 

, ' . ' ' ^ ■ * . ■ or • . . . 

0 ■ ■ jTtA ' , ' , <L 

In September -1973, an extensive ^review ^Sf^he existang materials iri 



Ehglish was conducted^by Dt. Pauline Jordan,' CbSL English "coordinator,^ 
aJjsisted ,hy Uny/ersity of Illinois graduate student staff members, 'and a 




^ ^ ■ . . . ^ ^ * 
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co'fnmittee of released time, teachers. As a result, a language arts router 

■ - ■ ■ ' . ■ ■ ■ 

system was designed to provide individualization and computer managed instruc 

^tylon in the skills areas. 

Basically this project consisted of identifying five topics within. ex- 

isting. lessons: grammar, spelling, pijincutation, vocabulary and' usage. The|e 

topics were subdivided into skills .categories. (S^* Appendix 6; 5.1 £or list 

of categories.) A pr^ and p6at test for each category jietermine students' 

proficency. Because the existing lessons frequently covered more than one . 

category, the lessons were copied and divided into smaller ^e^ents of single 

instruction. The preparation o£ test items, programming of l^he router, and^ 

reorganization of the lessons was done during School year 1973-197^^ Gary 

Michael adopted, .expanded, designed 'and programmed the routing systSOprom 

T 

earlier work of the Elementary Reading Group. , . 

^. \ . ^ \^ : . 

Any lessonsN^eady for use which werej^not related topics, as 

well/ as the original versions of the. skills lessons ,kr were described in, hard 
copy in an Eriglish catalog prepared by Rdbett Batpr,* City 'Colleges of 
Chicagd; in the' summer of 1974. These ^lessons were available for use with 
the system router. (Appendix 6.5.2 lists the iildex of this, catalog of » 
English lessons,) ^F^he^s^alpg itself is Appendix S6.1.5 of thid, report. ^ 

The meetings held during 1973-1974 school year to review courseware - 
were continued d,uring the entire field test. The group tooJ^ on formal 

status as PEEB '(PL^4'6 English Editorial Board) and was ch^i:^ed».by Robert 

' ^ ■ ' . . , ' ■ ' >: ' 

Bator, a Chicago English teacher. , since 197,4 the board has reviewed and 



Michael, Gary and Mary Sliger , L^RS*iIns4z:ructor ^^^^ManaAl^ CEBiL, University ,n 
of minqi^s Urbana, Illinois 6 180 J i 1976. • ■ ' 

^Community College English Lesson Index,' CERI^^Jniversity of Illinois, ^ ■ •/- . 



Wrbana; niinois 61801, 197%.»^ 



_ Recommended cihanges to Authors of existing lessons/ set priorities for dev?lop- 

• ^ ' ' ' ' ■ ' ' ' . \ 

' ment .of new lessons, screened lesson desighs prior to programming, provided ^ 

programming for 'English teachers unfamiliar with the TUTOR language, updated 

the English .catalog, and provided training for new PLATO users. The board 

consisted of CERL PLATO staff members,' community college *PIiATO">ersonnel, 

and release time and volunteer English teachers, 

^ ^ , , • . V • - ^ - . >• 

l'''*^'. 5.3 Implementation 

■•/ ' — : — ~- — ' • 

'^^^ ^se of PLATO in the English curriculum has depended substantially 
c^n the active participation of released-time authors, ^^^f:Aculty members, ^and • 
' admi(nistrators. At the start of the . field test in September 1974, volunteer 

users had been identified in e-^ch. cooperating institution primarily because 
* they had either designed and/or prograiraned courseware^ or .they had partiici- ^ ^ 
pa ted in the review of ^es'sons by the. English group during the previous year.^ ' . 
The CERL English 'staff had distributed catalogs of lessons; ' and, together witii 
the local- PLAT6 site directors, trained teachers in; the use 'Sf ' course^^^^;^^^ 
instructor 'files, and the Language ^ARTS Router System. A marked dearee of 
. communication existed both via PLATO/^nd through re^ualr vi^^its to eacb-N ^ 
school by the CERE PLATO;English staf-f,; This process was strengthe^ied iif . 
'^y;. the second semes^Sr of the field test by locating a full\time'CERL English \ 

^ sta5f member in Chicago. \ • : . • ^ . * ' 

' J . , * • . *^ . ' ' ' ' ^ ■ ■ ' - ' 1 ' 

\^..^^.pt the Language Arts Router System was unexpe.ctedl^ high in "the first' 

semestef. ^The antieipated 25a studeh-ts- actually became 600 which xesul ted 

a; serious problem because of system lljfeta^ibn^ data.' ' 

V Fhe overall int^reased u/e of PIATO 3iimi%ed the capacity .to*^ store. muJ^tiple * ' 

Wessons in short term memory i :|'^e^ack £rom teachers and st-ude^i^feLipdicate^ 

^ / v^... -i- ■ ' . •• • ■■ ' , "^^ r^f • ■ \ - ..• ---"^^ 
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directions were ditficu3it, tegts^were too long, and espicially that students- 
rfpt coropie€ing a* test\at the end of. a scheduled session were reqqired to 
repeat all of their previous wor]^.. These problems^. ySre addressed' by , re- \. 
designing the rout^^ir* providing teachers with, motre ^options to review 

" * ' r ^ « ... 

questions and instruction, and sequencing the tests between instruction units 
'The data storage problem* was alleviated when the swaj^ping memory at the 
computer was doubled in 'size to twq million 60 bit words. New LARS options 
^wfere continually developed according to input data on student use. 

Because of th^ demand foy* cburseware in ^the field of langualge skills, 
the favorable reactions of faculty' membfers and students, and the ser'^ices *■ 
^provided by the CERL English staff and the VIjUto English Editorial Board,, 
use. of English materials continued to increase. Table 6.5.1 gives a 
record of participation during the field test, T;^ically, one of three 
class hour .j>eriod each week was devoted to PLATO in-'class use with the > 
instructor present. Although instructors encouraged students to use , 

PLATO out of .class, neither assigned homework or extra credit was given for 

' * • .• , ' . 

work on PLATO » It Should be pointed out that the colleges are computer'^'" 
campuses with students almost always employed part time e^lsewhere, and 
that the available PLATO terminals were in constant use by other classes ' . 
except' for inconvenient student use hours such as late^ af ternooji-.and very 
early morning. Courses using PLATO were. English 100, remedial; EpgJLi^h 101. 
and 102,^the required first year rhetoric sequence; Reading 126, and 
several GE D cours es. ' ^ ^ / V 



6.5.4 Data Collection ,^ . *, 



Although, usage dkta was collected on -^ach course. -by sem'estier, it is 



1: 




7 ' 



Locatioh. \ 

School f 1 

Sclool #2 .' 
' School 13 
, " School 114 
) „School 15 

*IfiiALS- 



\ ' ■ TABLE 6.3.vl. ; 

,.. ..' ;f;,.U'S^GE. By'',INpi0ra«;>Sfui5EN|S OF COMMUNirY '^CQLtEGE ofetlSH jLESSONS 

\^ ' ■ ■\'' ' ' 



F^ll 19^4 ' , -'Spting .19-75 ' Sumer' 1^75 ' ^ >all '1975 , Spr^iig .1976** ■/ ' ^ Total''. 

r^--^. 257 1043 



395, 1272 
110 ^ 420 



160 
298 



541 

^50, 



129 -652 

g ♦* * 

166 912 
399 949 
627 



285 .i^ - 846 ;;: :>28^yj 1126 



1248 - 3729 1353 



>i-4266 




621 3319 1546, 5851 15,64 , 5481 



22646 



•21^ 761 ;593 '37^8. ; *\ 

222 1736,. 154; 493 342^^ . -1480 ■ 994 5041,. 

178 '564 555 '2097 . '537 -2002 1829 6153- •: ' 

158/ 724 ' 399 1184 ^ 294 696 1522 '5881 ' 

53 295 18l'' 1034 - 179 542 99^ 3843 ' , 



•*This infomati^ft is for the period January 1 ■ March 30, 1'$76 only.. ■ 
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difficult to ijiterpret because oif unique circumstance^ of ; both the rcourSe' 

• ' . ■ , . ' ' v- A . ■ ' • ^- ' ' . 

.and the student themselves. These individual .differences make comparison » 

W ^ . * , • ■ . ljy<- . ' , X^,/ ' ' ' •■ 

*"of the-^aat"^ very unVeliable ^d the staff resource did not permit obsersVa- . ^ • 

tion an'4-.docijunentation of ^ usage; ' / v . ' ' 

. vAn^ extejisive usage study was made in -the ;fall* semester of 1975 and \^ 

the reader is dire'ctecf'' to consult that docuiifent for' furtj^^informatioii, ^ 

Also, 'a study 'was conducted fgr four weeks at* Parkland COliege in Fall 1^75, 

to determine the. effect of .PLATO SUinmarized Rq^sults usage op placQmSht of .\ ^ 

• . . • i . • - . ■ - .. 

* students. r The, report of this study describes high levels of student accep- 

• ' - ■ ^ " ^ ■ ■ . ' "'^ ^ V o ■ 

tance of PLAT0 and indicates finding of a significant positive correlation . 

between number of PLATO lessons - completed and level of studeht performarioe , 

\ ■ ' ■ * ^ • • t. 

when prior 'ability level (as measured'by ACT scorp) is helpr' constant 

> ' ■ i ' " ' • J 

1 'a . . • 

■(r(-80)=.237; bi=.o"32). , ' : " " ] 

In general, teachers uSting PLATO consistently mentioned the high' 

• . , . - , ^ . ^ ■ ' • 

•motivational factor for linderachieyers. ^ a. subject area where, the range , 
deficiency is so^varied, the individualiz*a;tion >aftd^record' keeping capabili- 
ties of PLATQ were enthusiastically received, . ; v ' " 

An on-line notes file was used to collect comments on-.the materials- 

. • ■ ■ ■ ■ ■ ■ ■ ^ ■ ' . : r . . . 

While this was initiated aS a communication device to iihprqve the course-^ ' 
ware, it also served as a s^mpliag of student opinions. (A representative 
selection of notes^ is giv^n in^Appendix 6.5;3).-: , ^.^ , - : ■•. 



..,.). 

6.5.5' Conclusions ^ , 

: ■ ^« • . . , ^ : J 

, ' - • ■• r ■ u. 

" ' In retrospect, it woul5-have been more jdesirablfe - to ha v% concentrated 

. in a more organized emanrier on a speqified area of the English- curriculum. 

. " - ' ' . ' ^ « : • - ..... 

; i communlty > College ■ Userg- Repdgt , CERL, ^University of Illinois, Urbane,. 

\ Illinois 61801, - • 

■ ' "^Sliger,. Mar|# ^nd .Irena F4.ndelsteirv PARKLANnncOLLEG^: FOUR-WEEK ENGLISH 100, 
J- - ^- -CERL,, University of Illinois, ;Urbana,. Iliinfejfs, 1976. ' y^*- . 



The result of having • many people w<5j:J<^. on 'many lessqns res'ulfed in' promoting 
high usage and wide acceptance of PLATO: Aiowever, no>s-ingle coordiit^ted %et: 
of lessoi> material with eiryDirical data collected in controlied expQximentar 

^ " • ■ ' . "V'. ■ ' • > ; ^ ■ , ■■ . ■ ' ■ - ■ 

situations exxsts. The Language Arts Routxn^g System .was an after-the^rfact 

^ ■ - ■ ' . ' ' ^.y' : ■ • ^ • 

-attempt tPt coordinate use of existin^^ma'^ri'als rather, ttj^an being designed 
.frdm the ground up. The main objec1:ive.'o.f the project was to establish basic 
J-iaison /^ritli the cooperating 'institutions to assure their understanding ot 

the jDroject, acquaint them with thie "technology and * coiirseware, ^ and achieve 

• ' ■ ' ^ ■ ^ - '^■"^ ■ ' " . - ^ 

a high level, of institutional' ad(^epta^nce fof a new tqacihing approach. 'JThls 
'objective was substantially ^ ^chi^ved, '\ • < ^ . ' ■ ^ - ■ 
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6^6 COMMUNITY COLLEGE MATHEMATICS 



6«6.1 'Introduction 



The .community college mathematics project consists of 124 lessons 
cilnounting to more than seventy hours of instruction; thio material has r» 
been implemented in all five of the participating community colleges with 
51 instructors in 166 courses, involving almost 4,000 students and more 
than 16,000 hours of PLATO time. In addition, a criterion-referenced test 
study of lesson effectiveness was designed and carried out, and a general • 
on-line data package was developed and used, 

6,6,2 Curriculum Development 

Prior to September 1973, some community college instructors had been 
trained in the TUTOR language and had developed mathematics lessons. 

In Fall 1973, a full-time staff of content experts and programmers 
was formed at CERL for the purpose of coordinating and implementing 
mathematics courseware. The first step taken. was the design of a Basic 
Mathematics Curriculum Plan and a procedure for lesson validation. A 
brqad appeal was made to mathematics instructors during 1974 and early 
1975 to participate in the actual design of PLATO lessons. Seven instructors 

I 

provided lesson scenarios and fifteen helped in thf setting of priorities 
for lesson development and in the critique of lesson designs; however, 
the design and programming of mathematics lessons was. carried out by CERL 
staff. During the Spring of 1975, meetings were held in Chicago every two 
or three weeks involving CERL and CCC PLATO staff as well as mathematics 
instructors. They focused on usage problems, lesson design, and lesson review. 



-■'3 ■ , 
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I , ■ 

Appendix S6-. 6.1 provides a detailed list of all lessons with author, where 
and when produced, estimated time and' design structure. Appendix 6.6.1 sum- 
maWrzes Appendix S6,6.1 by topic area. As these appendices indicate, the 
community college mathematics courseware includes lessons developed by the 
CERL Elementary Mathematics Group, by .the community colleges^ by the CERL 
community college mathematics staff; and by other PLATO authors. 

The Catalogue of PLATO Mathematics Lessons for Community Colleges 

and Adult Education (Appendix S6.1.6) gives precise descriptions of the 

content of each lesson. The on-line .lessons may be' accessed by PLATO 
I 

index. les,pon "mathcc". 

r 

6.6.3 Lesson Design 

The list of structural features in Appendices S6.6, 1 and 6.6.1 describes 
the structure of the lessons. Of the 124 lessons'/ 112 contain drill and 
practice sections; yet^ every one is described as tutorial drill and practice, 
i. e,- a tutorial sequence is provided for thd student who needs help. Forty- 
five lessons use a model or contain a simulation or both. This provides a 
rough measure of how greatly the interactive graphic and judging capabilities 
of the PLATO system have been u'Sed. Eighty of the lessons are tutorial in 
nature, involving direct initial teaching of concepts. Twenty lessons use 
a driver that presents an index page and several sections of randomly 
generated problems with tutorial help sequences. Taken as a whole, the 
community college mathematics lessons should serve as ,a rich source of 
lesson models. 

Since the PLATO system router has-been available during all of the 
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usagevpfimod of this pro:]ect, it has not been necessary for the Community 
College Mathematics Group to develop a router of its own.' . . . ^ 

Extens.ive efforts in data collection and analysis have accompanied 
the development of matliefnatics courseware. Tamar Abeliovich Weaver of the 
Community College Mathematics Group has worked wit;h the .PLATO Educational 
Evaluation and Research Group and Educational Testing Service in the 
development and testing of data routines. 

6,6.4 Implementation 

* • ? 

Math project staff began making regular trips to the sites in the Fall 
of 1973 to meet the instructors and learn more aboiit the courses and students 
Initial reactions from math faculty were s.mixed. Several instructors at e^j^ 
of Schools #1, 2, and 3 showed early interest in PLATO and th^se three 
schools have consistently been the strongest PLATO sites/for mathematics. 
Mathematics faculty at School #4 were wary of PLATO and remained uninvolved 
until Spring 1976. The mathematics department at School #5 was cordial, 
attended several meetings about PLATO, provided a wealth of information 
about course syllabi and class schedu^S but produced no strong PLATO users 
in mathematics. 

/ ■ 

During the Spring and Summ^f of 197,4, five instip^uctors were given 
released time to work on PLATQ. The instructor from School #1 was the 



lead instructor in mathematics, had undergone training in TUTOR programming 
sometime\ prior to September 1973, had programmed a PLATO lesson, and intended 
to continue with th^ development of lesson material. He was generally 
supportive of PLAl'O, but left the school in June ;975. The other four 
released time instructors were new to PLATO and were asked to review lesson 
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Tiiaterial and to develop an inplementation scheduJ^^'^'^r the use of PLATO 
.» iQssonS in their own courses. One of these four instructors wrote a brief 
critique. of the lesson materials which was largely negative. This instruc- 
, tor has^not used PLATO at all. The other three released time irns true tor s . 
•were' from the s^e school. Thpy have each used PLATO ^yiore than one 
semester; they each took the PLATO extension course (although one .o£ them 
did riot complete the course) ; and a schedule was developed which integrated 
PLATO lessons into the algebra course. ' . v \ 

During" this same period of time (Spring and Summer of 1974) meetings 
were held with several non-'released instructors. Two instructors at 
School #1 worked with CERL^^taff in revising the design of the signed numbers 
lessons so that these lessonS* would better fit into t^e algebra courses there 
At School #2, three instructors* weire particularly interested in being able 
to use PLATO in their drafting and machinist course^. A careful e;j:amination 
was made of their mathematics programs and design specifications were drawn 
up for a series of trigonometry lessons. Unfortunately , a number of admin- 
istrative changes occurred near the end of the signer which delayed the 
implementation of these programs for nearly a yeai!*. 

The Fall semester 1974 showed 23 courses, 574 students and 1,520 hours 
of PLATO mathematics usage. By the end of the two-year field test, there ^ 
had been '166 courses, 3,823 students and 16,071 hours of usage. In order . 
to illustrairfe the pattern -of growth throughout the 'field test. Appendix 6.6.2 
provides a breakdown of this usage by school and by semester/ quarter. 

The lowest usage occurred during Fall 1974. In addition t6 a small 

/ - - ■ ' . 

base of users, diiring that firfet semester/ quarter , not all terminals had been 
installed, tliere were hardware problems, and tAere were stringent limits on 
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storage in the swapping memoiry. These pl-oblems were virtually negligible 
during the 1975-76 year and with two exceptions in the F^ll of 1975. The 
mathematics department at School #1 called of f plans for running a criterion 
.referenced test study in their intermediate algebra courses and the Fall ^ 
semester was spent in planning the same study for the spring. Consequently, 
the number of students using PLATO mathematics at School #1 during the 
Fall of 1975 dropped to the level of Fall 1974 and the average time on 
PLATO sank below three hours per student. The other exceptional case v^as 
School #2. Instructors from Schools #2, 3, 4, and 5 went on strike for 
several weeks, at the beginning of tha^ semester, and PLATO usage suffered 
mDst severely from this at Schooiy#2. The number of PLATO students dropped 
tp half the original number for School #2 and the average time on PLATO 
w^s half what it was during the previous period. Mathematics usage' at both 
, S::hools #1 and #2 bounced back up during the Spring 1976. semester. Although 
PjLATO mathematics activity remains low at School #4, several instructors 
from the mathematics department became interested in PLATO during the Spring 
1976 sejjnester. Unti,l then, PLATO mathematics- usage at this school was due 
only to Learning Center and GED instructors. School #3 has consistently 

hjad the highest number of students, and School #2, although it is the 

•I ■ 1 " ■ ■ . ^ 

smallest school^ has . consistently had the highest average ^ime per studen^. 

I • . ' ^ • ^ 

The patteitn of liaison in the math project has been fairly consi'stent 

' ■ ' ' - ■ ' I 

tjhroughout the field testi frequent personal contacts with instruf:tors; 

\ ^' ^ / - . 

cpnstant feedback from instructors and site personnel on the lesson material; 

and cooperative lesson rqj/iew and lesson design work. In the Fall of. 1975 

.{ * ^ . 

"Student Guides to PLA*^" were produced that keyed PLATO lessons to the 
eMct section and page c]f the course textbook. . Instructors and students 



both reac^ted. verjf favoi^bly to these student guides developed for four 
courses at Schools #1, 3, arid 5. The regular meetings (discussed §.hp^fe 

in Curriculum Development) also tohtributed to the implementation program. 

. ^ . \ ^ ■ . ' " • ' 

• Most of *^e mathematics usage has^occurred in>seven different types 

'■ ^^^^ ^ ^ - ^ ' ' < 

of mathematics courses: * ' " ' 1 ' * 

' ^ ' ' . . ' \ ■•; ■ ^ / ' : 

Related. Mathematics for Vocational Students , This type of course 
occurred at School #2 only. ■/The students .were all enrolled in a 
vocational co.urse such as mefchinVst, weeding, stenograp]^,/ drafting, 
etc. Each of these icourses incjZuded f iv^ to ten i>ours^f /"related 
education" per week in ifiath. , ' / \ 



Algebra , This is generally 'the first ^algebra course the student 
can take in college'. It begins with set theory ,V signed numbers and 
simple algebraic notation' and continues through algebraic expressions 
•and equations. Alth6ugh the syllabus includes such topics as 
graphing straight lines and solving quadratic equatioris, these topics 
are often not covered in the courses. 



J * are omen nor coverea in tr 

\- "I 

Illf Intermediate Algebra , • This 

ll/^l^TT -m. 1 . - t If / _-• 



LS course may ^properly be described §is 

"College Algebra." It includes a detailed study ot graphing 
straight lines, 2X2 and 3X3 systems of linear equations, graphing 
quadratics, and solving * quadratic equations and fractional e qua tio'h^ 

IV. GED Math . The mathematics classes in the .GED program comprise this 
type. Although these classes were held in Schools #3 and. #4,^ 
instructors and the classes are not part of the mathematics 
ments. "\ > 




V.^^ Preparatory Math^atics , This course is designed for two-year 
^college students who are deficient in basic mathematical skills. 
It generally ^^ins with whole number ar^^thmetic^ and decimal's and 
^ fractions and,^^tk some cases, includes algebraic expressions and 

simple linear equations. . 

VI. Technical Mathematics . This course il designed .for two-year college 
. students who are concentrating in a technical or vocational area. 
It revie>3^ fractions, ^ decimals, and percent as well as algebraic 
operations and ec^atioris, and introduction to trigonometry.. • 
(NO^: One difference between course types I and^ VI is that the 
Type I -courses select only, those math skills which are directly 
pr,actical in the students' own area; whereas a Type VI course 
generally has a more extensive syllabus which' is *f ixed . for all ' 
students'. ) ^ ^ . • / ' 
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VII, ., Learning Center t The mathematics instruction at the learning 

• centers is usually' run on an iridividual student basis. Some of the ' 
' schools staff the learning cente^rs with regular fafculty members, 

other schools have non-faculty Learning Center personnel. A learning 
center student usualij^ uses PLATO on referral from a ^.earning ^center 
instructor. .Usually the learning center instructor accompanies the 
student to the PLATO room. ^ V ' 

In addition to the seven major course types,- there has been a small 

number of PLATO lessons in a number of other types of coujrses which, for this 

repolt4^have been labeled "Miscellaneous Courses." 

VIII, Miscellaneous Courses . 

a. Adult Education Math Course — . remediation in fractions, decimals, 
percent, signed numbers, elementary algebra, ] 

b. Algebra II — follows Intermediate Algebra. ( 

c. Trigonometry. • ' , 

d. Experimental PLATO course — not connected to a department course. 
Appendix S6.6.2 gives a detailed list of the 166 PLATO courses. In addi- 
tion to course type, school, instructor, number of :^tudents>. number of hours 
and average hours per student, there is a rough indication of th^ scheduling 
pattern and •( also whe they or , not the instructor provided a PLATO Kand-out to 
his students. 

It was decided as a matter of convenience to' schedule users' during a 
regular class period. Aside from tjie inevitable conflicts that arose during, 
the peak hours for scheduled classes, this arrangement was particularly 
deleterious for mathematics, since inuch of the lesson material was designed 
to be used in connected sequences of class sessions. For example, the 
les'^son package on plotti^ points and grajihing straight ' lines is designed 
to be used in six .bog^secutive class sessions. The same is true of the 



fractions, decimal's/pe'fbent, signed niambers, solving linear equations, 
fractional equations and simiitfeaneous equations materials. Of 156 courses, 
twenty werS scheduled in consecutive class sessions; 97 were scheduled at 



intervals of once a week;~"and 39 for optional student use. 
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Comparison of Usage by Scheduling Pattern 



Scheduling 
Pattern I 



# Of 
Courses 



, # Of - 
Students, 



# Of , Average Houars 
Hours V Per Student, 




1/week 


97 


2,502 


10,615 


.4,2 


sequential 


20 


417 


2,902 


7.0 


optional 


39 ' 


724 


1,964 


2,7 


Apparently, 


a number of the 


lAeek 


courses did 


not actually 



every week. Since it was rare that instructors using the optional scheduling 
took PLATO performance into account in grading their students, the low average 
hours per student are not surprising. / , 

6.6.3 sunjmarizes the usage according* to course type; Vocational', 
Algebra, Intermediate Algebra, and GED account f^r about 80% of all the usage. ' 
These were the course types for whiph the greatest Amount of liaison work -was 
expended and the enrollment in these four types of'.-^ourses is relatively ^uch 
higher than the enrollment in the other^ mathematics courses. 

A. history of the 51 mathematics instructt3rs»iflvolved in this project is 
given in Appendix S6.6.3. Twenty-six of "these i|istru6tors used PLATO more -than 
one semester, and 44 of the instructors used PLATO in more than one course.' 

Appendix 6.6.4 sh6ws PLATO time distributed by topics and "lessons based 
on ten vocational courses during Spring 1976, four algebra courses during Fall 
1975, three algebra courses during Sprirj^ 1976,'' four \^.ntermediate algebra courses 
during Fall 1975, and three intifermediate algebra dourses during Spring 1976. 
Appendix 6.6.4 gives the topics and. lessons used in each group of courses, the 
amount of usage in each lesson and topic ^nd the proportion of total usage irf, ^ 

: ^ " ' ' .. ' ' - 

^ • O r 
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pns are listed not in their 



each topic. Within each topic, 

logical ordeat; but in rank order according^soynumber of students lising 
the^ssons. The lesson usage dataNji Appencftx 6.6.4 was gath^ed from 
th/ on-line data package develop^jd by^ the Community College Project. 



.6.6.5 /Attitudes 



'^^'^ gathered on fifteeii mathematics instructors during the Fall odf 
1975 |indicated that sjeourteen^f the fifteen rated- the difficulty level of 
the mathematics lessons as "appropriate", one instructor rated the lessons 
as "difficult" ~ none rated thfe lessons as either "too difficult" or 
"easy". One mathematics instructor out of fou^^een rate^"5^son quality 
"very high";, seven rated lesson, quality as^ "high"; "five rated l^son qua- 
lity "average", and one rated lesson quality "low". (S^e PLATO Evaluatj.on. 
Report, R. A. Avner and E. Avner, April 19, 1976.) 

The consensus ac;ross most df instructors who used PLATO diirinq this 
study seems^ to be that the PLATO matfatial currently available^ is capable of 
providing good drill and practice 1 Jfsons and can be used )Drof itably for 
presentations invdlying screen graphic^, but does not compete the human 

instructor in the initial teaching of concepts. Criterion-based tekching / 
is not sfcaiadard in community^ college mafthematics* classes.' Most of the courses 
in which pLaTO was. used were run in the traditi^^l lecture style (although 
ther vocational courses and the learning .centers ^aijik a' few other are generSly 



D. Alj:^ert and P. Jori^n>* The Community College Users Reports Fal/ 1975, 
Computer-based Education Research Laboratory/ University of Illinois, 
Urbana/ Jllinois, 61801 (Appendix S6.1.1 pf this report. / ' 
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individualized by the use of workbooks), and many instructoirs felt that 
extensive pCato lessons sequences tha^t are criterion^ased do not fit well 
into their clashes. \The only information on student attitudes, available 
at this^ime is a file of on-line student comments. During the period from 
September 24, 1975 to . May 29, 1976, 915 student^oraments were, ^collect 
The comments , wer^ divided into two groups: One' group cortsisting of all 
. comments which concerned the mathematics ^j^essons (including t:echxiicalr>t:om- 
ments) or PLATO (793 comments), and the other group consisting of all othef- 
comments (122 comments in this ^^P) • The comments in the first group 
-^were subjectively rated as expressing positive, neutraL, or negative^ atti- 
tudes toward ^e ma/<^l|pmatics lessons 'br PLATO. The breakdowri of these 

i v: ■ . ^ ' % 

comments was as follows : \ ' 

490 (62%) 

43 ( 5%) . * . J 

^. 26 (33%) 

In order to give some sehse of the kind of comments that were collected, 
a number of'\typical examples are given below: 

Positive: "PLATO you are the best teacher I ever ran into. You seems 
to understand that it takes time to catch on, which I think 
is the way a teacher should do. Thanks."* 
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"the lesson i3 fantastic more of it." ^ ^• 

^ ^ ^ "this was a very good way to teach this lesson. PLATO taught 
me this lesson easier than my teacher did. I understood it 
much better. " 

"collecting terms i really liked the lesson^ The lesson was 
easy. This is a very good=^achine to rwoirk with" ^ 

'^this is a very good lesso^ i had *:o think on^ this one" 

"the lesson was very easy it' help me a lot^ith my fractions 
i like doing the lesson, very much" . » ^ * 



i 
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Neutral: »i thought it was confusing at times, PLATO does not 

. . al\f^ys Explain thing clearly. Hovrevfer: PLATO does a much 

; v better job that the^^^l^^ he can tell' you where you are 

■ go^ing wron^ and help yoti correct it.'' 

« ; "I think that the lesson l j,ust completed was very similar 
"^^W^tji^ other one before thisi" 

. "Fi*fet of all I would like to say part of the lesson was 
.' easx ,the other was kind of hard" . 

. "I fell that the lesson I jusT^ did .very helpful although it 
was very, very boring" . 

Negative: ' ^^^"Very confusing questions," 

j ^ ."this lesson was entirely t^oo hard for me to understand, 

I hope that- we can go over this in class before we have an 
^ examijie . " ^ - 



"I Jid r 



hot understand giLve me some thing easy" 
"Too easy" . . , * 

"who ever wrote this lesson didn't make it clear" 

A I ■ .. 



6.^'. 6 Effect On Student Performance 



^ In an^atieinpt to meas'ur^ the' effect'^veness of PLATO, the mathematics 
group designed a nvmiber of criterion-referenced tests on material that was 
covered by sequences of t>LATO lessons CAppendix S6,6.4). A study of t'he 
straight-lines lessons w^s carried out during 'the third and fourth weeks Af • 
the Spring 1976 semest^ in tlie intermediate algebra course a^t School #1. 
During a period of two weeks, classroom^ work was replaced in three . sections 
by sessions on PLATO • and 'pLATD wa^ 'not used in tijie fourth section. Criterion 
'referenced pre- and posttests vrere administered in ^11 sections before an^ 
Rafter the two week period of instruction. Matching pre- and ^sttest scores 



5re obtained for 51 PLATO 'students and' 22 non-PLATO students! The topic 

■ ■ ■ : ^ 
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of simultaneous equafe-ions was also covered during the instruction, but 

that lesson, sequence was not evaluatdd in this study,' six fifty-^ninute " 

PLATO sessions were -held in each of the three' class sections which, used 

E(LATO.and the average time spent per student was 7.9 hours* This figure 

is based on the data for the 51 stifdents' who took both^the te^Sts ,ah^d is 

,2.9 hours more. than the five hours available during scheduled PLATO ' se?- 

sions. Even in this two week time, period of the study, there was cJon-^ 

siderable variation in. the amount of timp PLATO was use<S by tKe students 

(Apendix 6. 6. -5). • ' V " 

There were eight lessons"\ in - the s traight line ^sequence and eight 

lessons in the sequenqe on s^ultaneous equations. The niimber of students 

t 

who comprete(3 a given nmptfer^ of . Iess6ns"' ih .these two' sequences is shown . 

■ " . . . ; ^ . ^ , 

in Appendix 6.6.6. Although thera was marked varjLjaCion in the time spent, 

\ - 9 ■ ■ " ■ ' - ■ ■ I ' ' ■ ' 

most of the students finished" the assigned lessons. - / - 

The average tota:i*t^core on the straight line posttest Wc>s 74% for the 

: ,/ ■ • - ' ■■ ^ ^'-^ ■ : y ■ . : 

PLATO students and 72% for the non-PLATO students /\^ich feprefeents no statis 
tlcally sigi:iif leant (difference. '^n^'order to determine whether initial^if- 
ferences among, the students may ha^e afifected the^e results, an analysis Igf 
co\5arianQe was carried oi^t for one PLATO and one non-PL^ro section. Bo^h- 
of these seot ions werQ 'taught by the same instructor jimo made available the 
results of a revijew test/ given before the study ^^^r^ Based on the pretest 

' ■ "■ " ■ V ■ '•• - ' 

< ■ - . ' ■ ■ -.. • 

and review * test scores, rthe analysis of covariance' yielded estimated means 

of 84% for^ the^ PLATO section a'nd 67% for .the non-PtiATO section, a statistic 

cally significant difference in favor of the PLATOsection. - . 

The finding /that whin some of the initial differences between the PLiirO 

and non'-FLATO 'students are taker? into account, the performance of the^LATO 
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students was higher than that of jthk non-PLATO students supports" the con- 
clusion that PLATO provided effective instruction for 'the target population. 

< 

6.6.7 Concluding Remarks - . • 

In the course of this project, a wide- variety of 'mathematics lessons 
have been developed and implemented. They vary in content, style and struc- - 
ture and they have been implemented in a number of educational settings 
from vocational and GED classed through Algebra 11. and Trigonometry, It has 
been shown that mathematics instructors are willing to try out new educa- 
tional technology and are willing to participate in the development of optWl 
implementation strategies. Community college students wbuld benefit from 
sound criterion-based PLATO curricular materials, and s^ich developmental- work 
should continue. This record is offered in the expectation that future pr^'ects 
of this sort would profit from the experiences and findings presented here. 

THe production of high quality lesson material is difficult. If -effec- 
tive lessons are to be produced and if the. full capabilities of the PLATO 
. system are to be realized, c9nsiderable expertise in instructional design 

.and TUTOR programming "are needed. A thorough-going effort at measuring the r 

\ • ■ \ 

overall effects ,of the le/pson material must go hand-in-hand with the lesson 

production work. Considerable experience has been gained. in the application 

of on-line data' analysis to the problems of lesson effectiveness and imple- 

mentation. One successful criterion-referenced test study of lesson effec- 

tivene^s was completed. • These efforts barely have scratched the- surface, but 

they provide sufficient justification for continuing the work. - 
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7. UNIVERSITY PHYSICS ? 



7,1 SUMMARY ^ * 

The main output of the university physics project is about a hundred 
hours of lesson materials which have been tested with 'hundreds of students 
at several different colleges and universities. Brief descriptions of 
these lessons are given In section 7. 13. Another important outcome is that 
much experience was gained in how to integrate PLATO lessons into a course 
which also has other activities. Student attitudes as measured by a 
questionnaire were fo^pd to be quite positive. The same final exams were ' 
given to students in PLATO and non-PLATO courses, and no differences were 
seen in the distributions and means of the exam scores, even though there ' 

was a decrease in formal' class time. Some follow up studies were -also made 

. y ^ . ■ ' ' " ■ " 

to look at performance in later courses, and no differences were seen in 

r ^ X 

later exam scores c?^: letter grades."^ These effects are discussed. 

7 

^.2 _ AUTHORS 

Faculty and staff of the Department of Physics at the University of 
Illinois, Urbana, who have been involved with writing PLATO physics lessons 
include Prof. Bruce Sherwood, Mr. Dennis ICane, Ms. Carol Bennett, Prof. James 
Sniith, Prof. David Vjatton, and a number of graduate students. Other writers 
include Prof* Dor/ald Shirer, Valparaiso University, and Prof. Ed. McNeil., 
University of Illinois at Chicago Circle. This report is the responsibility 
of the Urbana group. ^ /. 
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7.3 HISTORY AND SETTING . . ^ 

/* 

Development of PLATO physics courses began in 1970 on the PLATO* III 
system^ A first experimehtal group of ten students was taught with the aid 
of these materials in 1971. As the PLATO IV system began. to develop, ten 
new terminals were placed temporarily in the Physics Buildingo** An addition 
of university physics to the NSF contract provided a' total of thirty termi- 
nals on a permanent basis to the physics department, and the department 
later bought one more' t'erminal* ^The department gave up a large room, which 
had formerly been a stockroom, and with university and departmental funds this 
room was remodeled to house the terminals. This cluster of thirty-one termi- 
nals makes it'possible to run scheduled PLATO classes, since most physics'' 
coursed are divided into sections of twenty to twenty-five Students. The 
physics department f aciAitated ^the .wrij^ng-.of new materials and the conversion 
of materials from PLATO III to PLATO IV by jDartially funding some ^senior staff 
and by assigning graduate-student teaching assistants to PLATO-related 
activities* The department at a very early stage included PLATO activities, 
in its long-range planning and budgeting within the university* / 

The availability of the physics PLATO classroom has made it possible 
not only to develop and test individual lessons but also to g^in experience 

•in integrating these materials with regularly scheduled classes on a ^large 
scale* Except for other PLATO proj*ects of similar scale, f^w implementa- 
tions of computer-based instruction have been large enough to affect 'large 
numbers of students and to warrant large-scale production of lessons materials. 

Many physics departments have their students write computer programs in order 
to study complex phenomena, but very few departments have atteitlpted to teach 
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directly through an interactive computer system. An exceptiori is Alfred Bork's 
project at the University of California at Irvine,, which combines computational 
use of the ^computer with significant amounts of direct instruction by means of 
the compijter. At the University of Illinois^^'xploitation of PLATO as"^ a . . .. 
computational tool within the physics department has been 'limited mainl>\ to 



:ek- 



providing various calculators and funcjtion plotters, which are used eJctei 
sively by graduate students and faculty in their research work, focus of 

undergraduate curriculum development at Illinois has been on direct instruc- 

. " • - ■ , . ■ ^ ><: 

tion, because the use of the. computer as a computer has been well studied and , 
'implemented in many other places, 

7,4 LESSONS " . . ^ 

Short abstracts of existing lessons are given in section 7.13. These 
materials constitute the majbr output of this project. They are already being 
used extensively not only at the University of Illihois in Urbana and at 

.Q^iicago Circle but also at other colleges and universities, including the 

■ '■ '.t / 

i' ' ■ I ■ 

University of Arizona, Carnegie-Mellon University, and Valparaiso University. 
Some use also occurs in several medical schools and community colleges. It 
appears that this year additional, sites -on the Urbana PLATO system will begin- 
using these lessons, including the University of Delaware. Institutions* on 
Control Data Corporation's PLATO systems who are hoping to get access to the\ 
materials include the University ' of Colorado and the University of Quebec. 
Florida State University has included physics, in a proposed test of PLA'l'O 
courseware they hope to carry out. 

Most of the PLATO physics lessons have been written by people in Urbana. 
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seems' ptobable that the major factor inhibiting large-scale lesson pro- 
"^ctibri^'^ tT^ sites is , the relatively small nuinbeF~bT^~terminals a^ 

those sites. A physics professor is vinlikely to make a large personal in- 
vestment in writing PLATO lessons if the number of .terminals is insufficient 
to. deliver the lessons to his archer students. A related point is that 
having only a few terminals may inhibjit the growth of a supporting PLATO 
culture, in terms of having a critical mass of teachers and students inter- 
acting^ocally with each other "to^generate ideas and to trade experiences. 
On the other hand, even small numbers of terminals permit faculty' to use r 
existing lessons with some students with little investment of time or effort. 
So while it is observed that at smaller PLATO sites not ma^y new lessons are # 
written, existing lessons are used extensively. 

The materials described in section 7.13 fall into three main groups: 
classical mechanics for engineering and science students (normally taken 
concurrently with calculus in the freshman year) , introductory modern physics 
with waves and optics for engineering and science students\(the final 

r • • 

t 

semester of a three-semester sequence in Urbana, of which the classical 
mechanics course is th^ first semestier) , and various materials for junior, and 
graduate courses, particularly in quantum' mechanics ' and nuclear physics. In 
the n^xt sections are. descriptions of how. these lessons are used in courses at 
Urbana. At other PLATO sites the same lessons are used in a variety of ways, 
in varying degrees of integration with 'other aspects of courses, including 
simply making tht^ lessons ava'ilable to student as a library resource es- 
sentially divoi^cccj from any particular cour.'seV^ ' , 

7.5 CLASSICAL "mechanics • 



197 



' The classical mechariics course is offered at Urbana in both PiAto and 
non-PLATO-versions, wiirh- the PLATO version handling -aboutr-bne-thlrd-of j the 
total enrollment (total enrollment reaches almost orle thousand stut 



the spring semester) . In the' non-PLATO version, students are scheduled to 



T I . 

identi in 



att;end every week two one-hour lectures, a two-hour sm^ll discussion class 
led by a faculty memb<jr or graduate] student, and a two-hour laboratory led ^ 
by the same person^ j)nly five or I ix laboratory exercises are help during ' 
the fifteen-week semester, and during the other weeks the laborai^ry period 
IS used for additi^al discussion. In the PLATO version of the course, there 
is only one lecture, and the discussion class is" scheduled in the plifysics 
PLATO cJ^assroom with tjie ]\n^tructpr present to handle individual questions 
that may come up as the students work through the PLATO lessons J In Ji^e non- 



PLATO course homework problems ate usually not collected and graded;, 

.because of the large amoimt of manpower Required to do so. In the PLATO 

version, however, students turn in homework answers to PLATO for gnading. 

These homework Scores automatically go into an on-line gradeboqk, amd the 

scores form one component of the overall 'course grade. All studenfeA work the 

same problems but with different numerical factors chosen by PLATO. Students 

also earn course credit by oompleting instructional lessons, most, of which 
J ... 

are about an hour long and contain mastery quizzes^ In both versions of the 
course, there' are thre^e . one-hour closed-book ^exams and a three-hour closed- 

■ ■ ^ 

book final exam. These exams involve solving mechanics problems which are of 
a difficulty comparable to tl^e assigned Homewoirk problems or a little easier. 

■ r ,; ■ ^ .^N) 

The on-line gradebgok holds not only information dti^^^LATO activities, 
y ' ' ' 

including lesson completion and homework score data, but instructors also enter 

off-line grades ^ming from lab reports and exams; ■ Students can look at their 
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own grades and can also see graphical distributions of how they stand with 
respect to orther__s_tudents in th e cours e . An other unusuaj, component of the 
PLATO course is an on-line forum in which students and instructors can discuss 

• . ' . .O ■■ 

aspects of the course. Problems from old exams are available o?i-lJji<^f or 

' • ' ■ * ' ■ ■ ' . . '0' 

review, and PLATO te,lls students their scores and times for these practice 

I ' • ' 

exams. For some lal^ experiments, there are on-line aids or simulated experi- 



ments to {lepLp wi^h the lab reports. ^ 1 *^ 

' Stii^ents aife e:qDect^d to complete instructional lessons and homework 

problems oh a sjbhedule keyed to the weekly lectures. As an additional induce- 

ment to keep oA schedule and as an additional indicator of what work is re- 

quired to be an schedule, students who complete their PLATO- work ahead of 

time are permitted to play computer games (h^t only in the ph/sic|||classroom 

and (jitfly if ihere 4re adequate extr^ lesson space and terminals) . This 

U ■ J 
procedure, hrfs made a remarkable improvement in student pacing — almost all . 

students novr keep up to date. In tha past, almost all students, did eventu- 

ally twon^n all the Work, but not on schedule. 

Wlxiie students use PLATO on a scheduled basis two hours per -week, they 

are e^cpe^ted to spend at least one more hour per week on PLATO, which would 

^ ■ . •■ ■ . • , • 

compensate for the fact that the PLATO course has only one lecture per week/ 

. / / ■ % - 

^instead' of two. By actual measurement, the students spend a little moce^ 

/. . / * ( - ' . 

than f.pur hours per week on PLATO on the average. (There is, of ^course, a 

i I \ ■ ' "... 

wide ipread across the students in the number of hours ""per Wfeek spent using 
PLAT9.) It is not known how many other non-PLATO study hours per week are 
sper/t by the! student, nor is "it kniwn how many hours per week of study are 
spejnt by the students in the non-PLATO course. a 
The need to provide four hours of terminal time per week per student 
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determines the number of terminals required to teach s^^pn ^L course. In mosti 



^ I" 
institutions, terminals could probably be used abou t si xty hours per week, in_ 

— — ~ ~ «?r ' * 

which ca^e each tenhinal could serve fifteen students. A classroom of thirty 
terminals could handle 450 students in one course. ' 

7,6 -'INTRODUCTORY MODERN PHYSICS (WITH WAVES AND OPTICS) * / J ^ r ' 

Far this third semester of ^the introductory physics sequence for ^nf i- ■ ^ 
neering and science students, there exist many PLATO lessons which 'illustrate ^ 
the important concepts and phenomena. The emphasis of most of these lessons 
is less on direct instruction and more on providing the stud'ei;it with tools, 
including simulated experiments, whi^ih can illuminate what are otherwise 
abstract notions. 'Because of concentration on testing the classical mechanics 
course, less work has been done in structuring a course based on these 

■ ■ r ■ ' ^ • ' ' 

modern physics materials. ^ One way in which they have been used is as opt;i.onal, 
supplementary resources made available to students. . During the summer of 1976, 
closer integration was achieved, with the lessons, homework exercises, labora-^ 
tory aids, and exam reviews all made a more integral p^rt of some sections of the 
course. In addition to such week-by-w-eek uses, it is now the case that ''one lab 
experiment in the regular course each semester is a^ PLATO exercise on wave 
functions in potential wells. The full enrollment in the course is handled by 
tight scheduling and by having two or three students work together as a group 
at each tefrminai. r * ^ 




7.7 .UMflOR-LEVEL PHYSICS COURSES 



Many Urbana physics courses at the junior, senior, and graduate levels 
use PLATO materials on a regular basis. In both quantum Inechanics and nuclear 



» - 
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physics, many faculty have used PLATO as a laboratory ^by writing lip^'exercise^ 

., . . . — . - % • ' - 

for students ta perform with the. aid of existing PIATO* materials-^ - Students turn 
.in a lab report based on their work. In most pases, the ^LATO materials h^e 
been written by staff in response to and with the suggestions of tl^ concerned 
faculty members. In addition to such 'assigned w , many upper-level and 

' /■ • ■ V ' ■ 

graduate students use PLATO calculators and function plotters in their course 
work and Xn their research. The department prov^ides a Polaroid camera. on de- 
mand to make photos of important graphical results. 

7.8 > STATUS OF DEPARTMENTAL INVOLVEMENT WITH PLATO 

■ . >. 

PLATO is now an -integral part of the Urbana physics department. While 
few faculty have- written PLATO lessons, many have used PLATO in one mode or 
another. Some courses make regular use of PLATO, while others use PLAto 
occasidi^lly. The department encourages faculty involvement in various ways, 
-including budgeting for equipment and staff and providing space. ' The head and 
associate, head of the depa^rtment have maintained a long-term commitment to 
explore and exploit this new technology. Faculty are being rotated through' 
courses involving PLATO in order to increase the number of faculty with direct 
experience with PLATO. The regular weekly colloquium series has had a talk 
related to PLATO every year or two for the last five years. 

7.9 EVALUATK)N . 

<^ • ■ ' 

While jthe main product of this work is the lessons themselv|s, both 

... f . m ' . .-J . . .... ._ . _ ... 

subjective an^i objective evaluations of the PLATO physics materials have 
been atterjipt'^.' Subjective evaluations include student questionnaires and 
comments by iristructors . Objective evaluations include giving the same final 



* 
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exam to both PLATO and non-PLATO students^ Attempts at such evaluations . 
have^so far been iimited to the area (ff classical mechanics/ Which is the^u, 

{ . - I • - . — J 

course that has been most heavily developed and which has had large numbers ' ^ 

of students. ^ -r ^ 

At the end of the spring semester, 1975, ^Jbudents ,irl t^e. PLATO-based 

\ > ■ ^ ' . " • • 

mechanics course wer©i asked whether they would choose a PLATO or non-PLATO 

.version of the following'' course, if .both were available. They were also'^skted 

- . ^ . . ; ■ ■/ / ^ - 

whether the PLATO course should continue to h^ve lectures, and whether a 
Single qne-hour lecture per week is sufficierrt (the non-PLATO course has two 
one-hour lectures per week) . ■ ' . I * 

^ - For technical reasons^ these questions were asked during the Xasft 
lecture, which was attended by 134 of the 202 students enrolled in the ^ 
course. It is imposs'ible to estimate the bias introduced^y having responses-^ 
only from the two-thiirds of the students who came to the last lecture. 
The results of the questionnaire were as follows: 

Choose PLATO course: ,100 yes • 
' . ^ 27 no 

, ; 7 no response 

Retain lectures: 1^0 ' yes 

3 no 

"■""11 no response 
One lecture adequate: 75 yes 
- . 48 no ... 

11 np response 

The 100 students', favoring a ^LATO -physics course gave general reasons s^ch 
as "understand better"*'; more pleasant", and "more interesting" . ^ -Specif ic 1», 
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reasons for their preference iifcluded: 

work atjown rate, se^^aced (15 responses^ ^ ^ 

forces me to do more work' and keep up (11) 

cuts down* on the amount of work required (5), 

Course less dependent.. on. instructor , who may be j^or (5) 

' ' ■■ * : - • . ■ 

• , miscellaneous (i each) — more personal atteQtion, " 

- good for review, derive formulas for yourself,/ \ ^ 

unifies a lecture-discussion courjse, friends^ in non- * : 

^ / 



PLATO course wanted to switch to 

r 

The 27 students who would choose a'^no 
following reasons for their preference: 



PLATO ^ / • • 

-PLATO physics course gl^^ye' the 



prefer human instruction, more discussion (14 responses) 
too much time (B) 



PLATO work takes too much time (b) 
want the discipline of weekly quizzes, feel PLATO lets 



them get by with, little wor]; (3) y^'^'^^ 



violei^tiy dislike PLATO (no specific statement) (3) 
access to PLATO difficult (not enough terminals, J^oo 
far from dorms) (1) 

Perhaps the most interesting aspect of these student evaluations is the 
large differences in perceptions of how much work is required in the PLATO 
course, together with differing feeling^ about whether more or less work is a 
gopd thing. It should be pointed out that since the mechanics course is the 
first in the introductory physics sequence, these students had not yet had a 
non-PLATO physics course to compare with. . ^ 

AnothBa:_important subjective evaluation is that a. growing number of 
instituti^s are using the materials. The lessons 'have been Resigned to be 
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modular in nature, which has permitted different- institutions to i^se the 
lesions in dif fer^ng^ac^ At Valparaiso University it was' found possible 
to eliminate from lec/tures certain topics -vWiich are covered by PLATO lessons. 
Chicago ciLrcle reports being^^nble to use^'tjie sam^ lessons in different courses. 
Carnegi|h-Melloii univ^j^-saty and the University of Arizona offer the liessons as 

• ^ ' ^ • '/ ■ . . V - 

an extra supplement, and students- wh^ use these a;Lds average one to one-and-a— 
hal^^^hqur^ a week of PLATOuSe^^^e Alteny College of*. Pharmacy reports that^ 
* their students find the materials useful, ^even though the lessons were not 
" designed for that audience. \ 

One objective measurement consists of- giving the same final exam to PliATO 
and non-PLATO stjjdents. ,This has^rfieen "^ne several times, and both groups 



have always ^shown essentially the same distributions and means of tihe exam ^ 
scores. Figl 7,1 shows a , page-by-page comparison of one such exam (-eolid bars 
for the , PLATO students and op^n bars for the non-PLATO students give the 
scores on each page,. plus or minus the rms deviations). The differences are^ 
not statistically significant. Studie"^ are, proceeding ttSL-^^etfermine whether 
the populations differ in any significant way, since the PLATO\and non-PLATt) 
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sections are identified as such in the university timetable, and if there axe. 
nol other sc^?5uling coijf^licts the student can choose which course to" enter, 
^t thite time there is no evidence that the groups .differ .in 4^ility or back-' ' 

ground. c * ' ' . V ^ 

A pessimistic interpretation of the equivalence of the final exam scores . 
i3 to say that^ despite the PLATO tutoring ayd despite the fact that "almost all 
the PLATO Students turned in all the homewprk problems (whereas it is known 
th^' in the non-PLATO course most students, in fact, do not do m^n'y of the . 
assigned homework problems) , Nevertheless* the PLATO students could not do any 
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Medjon, average, rms for a^l sections by page number 
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Fig. 7.1 Firfal exam scores cjf PLATO students, (solid bars) and. non-PLATO 
stiudents (open bars) o < 
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better on the final exam." An optimistic 'interpretation of the result j.s jto 
. say that although the PLATO students had only one lecture a ""week,- althomgh tKe 
discussion class was essentially taken^ over'"5y~ TPLA'iO (but with an instructor 

■^,present to handle que gj: ions ) , "hnd although the average student only -s<pent two 

' - ' ". ' ■ . \ - '\ ■ ' . '• 

non-schei^uled PLATO fetours of study per we^ in thi^. difficult qovirge, 'neverthe- 

» ■ ' - . \ : ' ' 

less the PLATO students did as well on tflUe Jfinal exam a? the non-PLATO students. 

realistic inte*r]ire.ua'tiqn might , be t&affit ha,s always been ^itiOs.t impossible 
' . ^ - ^ - ' ' /t. • ^ ' • • ^ ^^-^^ " 

to see differential effects on ^f inal^--^exams resul%|ji^|' from xiijffei^en&al5 -in the. 
form of instruction. As an exaqjple, af1:er many measurements.. it is3ji^jSparently/ 
'Still an unsettled question whether large lecture classes are better , than "siricill 
discussion classes^ or vice versa, in terms of final exam scores, . More 
generally, there, seem to be^^few examples irr higher education where large eff^ts 
on examination scores have been observed following changes in teaching tecf^- 
niques • , ' . , 

Within the PLATO mechanics course, various correlations have been *^ 
e:jamined, such as exam scores vers^us homework problems completed or exam 
scores; versus instructional lessees ^completed. The only significant correla- » 
tions that have ever shown up have been between one, exam and another. Ttiht^i^,; 

*^ ■ ■ f 

if the' student does i?e:(l on the first 'exam, he or she will almost certainly 
do -well on the second, thifd, and final exams. The issue is somewhat muddied 
in recent semesters by the §act that^few students fail to turn in all the 
assigned lessons and homework, so that there is little spread' to ^/6rrelate 
ai^inst. HoweveiL, th4se results also obtained in ^earlier semesters (before , the 
carrot of computer games), when at the time an exam was taken many ^students had 
not yet tiirned in work supposedly relevant to that e^tam. . - 

y>S±ncB the exam problems are quite similar Jbo the homework problems, one^ 
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would expect that doing the homework- problems shpuld help in- taking an exam. 

" • ♦ > ^' 

However, the student can get help on the homework problems from' the text- 

^$>opk, fromiithe instructor, and from other students, whereas during the' 
closed-book exam the student is completely on his own,* under time* pressure, 
, and facing new problems • The course really has two rather different com- 
ponents — weekly assigned work (lab reports, PLATO lessofis, and PLATO home- 
work) and exams, the latter diffeiring froln th^ former in being a different 
kind of measurement of the student's wor«. We believe the weekly assigned 

work is just as important as the exams, /even if we cannot measure '(l?y exam) - 

• ■ . .) ■ ' ^ ^ . " 

all aspects of the benefits of the weekly work. . It; is also true that a 

student who performs wiell on one component and poorly on the other will be 

, giveji a passing grade. Only if the .student performs poorely. ;,pn both course 

component^ will he or she be^'failed.- »i 

While it. was- convenient £0 correlate exams and homework in the PLATQ 

^course, given that the data are all on-line, ^.t seems likely that^the lack of 

correlation JbetwQen^'rth^^se two activities is not limited to PL^O-based 

courses hut i5 an lef f ect which would hold true in any similar physics, course. 

. It anight also be pointed out that the PLATO course shares some aspects 

of "serf-^aced" or "personalized" instruction. The course is divided into 

modules of instruction, and mastery-level performance is required on lessons 

« 

and homework to pass from qne module to the next (except that students are 
permitted to move ahead -without mastery if they get t6o far behind, but they 
do normally go back and complete the work later). If -it were r^ii for the four 
exams, which destroy our illusions, we would give almost all students the 
grade of "A", since almost all students do, in fact,- complete modules on 
time at a. mastery level, ^ 
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Some longitudinal studies have been attempted* Correlations of grades and 
exam score's have been made for PLATO and non-^PLATO mechanics students between 
the mechanics course and later courses, including. following physics courses 
and including advanced mechanics courses in the Department of Theoretical and 
Applied Mechanics, V/hile in some cases the statistics are poor, it can be 
said'^that none of the comparisons show any significant correlations other than 
the fact that good performance in one course is strongly correlated with good 
performance in another course.^ In other words, there is at this time no hard 
evidence that taking th,e PLATO course either helps or hurts the strong or 

weak student more than the non-PLATO course does in terms of doing well in a 

i. ■ • 

later cour'se. " 

Fig. 7.2 shows* final exam scores in Physics 107, the follow^on course to 

■J 

Physics 106, the classical mechanics course. ^^#istributions are shown fqr 
students who had the PLATO and non-PLATO T06 course. The distributions and 
means are essentially identical. Similar comparisons of course letter grades 
are shown iti Fig. 7^.3. Similar comparisons of final exam scores and letter 
grades in an advanced mechanics course in Theoretical and Applied Mechanics 
are shown in Fig. 7.4 and Fig. 7.5. Again, there is no noticeable ^difference 
between PLATO and non-PLATO students. Just to give an example of a situation 
where high correlations are observed. Fig. 7.6 and Fig. 7.7 show scatter plots 
of Physics 107 final exam scores versus Physics 106 final exam scores, for 
PLATO and non-PLATO students. It is seen that performance on one exam is 
highly cotreJLated with performance on another exam for both sets of students. 

7. VP PROBLEMS IRJ^SING PLATO 

The maj.or disadvantage or difficulty experienced, with PLATO in physics- 
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$pring 1976 physics 107 students 
who took physics 106 



number of students : 251 
average : 71.06 
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students who took 
pidto physics 106 

92 students 
average: 71.18 
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Fig, 7.2. .Final exam scores in Physics 107 for students who took PLATO and 
non-PLATO Physics' 106. • . , 
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Spring 1976 physics 107 students 
who took physics 106 



number of students : 25 I 
, average! C, 741 



0.4 



students who took 
plato physics 106 



92 students 
average: C.728 
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regular physics 106 

159 students 
average : C. 748 
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Fig. 7.3, Letter grades in Physics. 107, .for students who tcDok PLATO and 
non-PLATO Physics 106. 
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fall 1976 tarn 154/156 students 
who tools physics 106 



number of stijdents : lUJi 
I average : 79 , 94 



students who took 
plato physics 106 

42 students 
average : 80.07 
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Fig. 7.4. Final ^g^m scores in Theoretical and Applied Mechanics 154/156 
for students who took PLATO and non-PLATO Physics 106. 
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fallM976 torn 154/156 students 

who took physics* 106 

^ ^ ^ 



/ 



number of students : 117 
Overage ! B . 06.0 



students who took 
plato physics 106 

42 students 
average : B.048 
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Fig. 7.5. Letter grades in Theoretical and Applied Mechanigs 154/156 for 
students who took PLATO and hon-PLATO Physics 106. 
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spring\l9t6 physics 107 students 
who toAk PLATO physics 106 



number of stucfents / ' 92 
correlation; r = 0.7895 
r2 =0,6233 
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Fig. 7.6. Correlation of final exam scores in Physics 107 versus those in 
Phjfsics 106, for students who took PLATO Physics 1^6. . . 
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spring 1976 physics 107 students 
who took regular physics 106 
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Fig. 7.7 Correlation of final exam scores in Physics '107 versus those in 
Physics 106, for students who took non-PLATO Physics 106. 
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instruction in Urbajia is the necessity of being very careful vin order not to 
exceed the amouat of active lesson space available. At present, PLATO allots to 
Physics only'^enough active lesson space to permit ten or fifteen di:^ferent lessons to^ 
be in use sintultaneously by the up to thirty students in the physics PLATO ^ 
classroom. Thj^ meatus that it is necessary to exclude iTi<(st. non-scheduled use 
of the terminals -during most daylight hours in order to* insure that a great 
enough variety of lessons will be available to thdse students enrolled ijn 

regular PLATO physics couses. These problems are recognized, ancL attempts 

J ' ' ' ' ^ , \ 

are being. made' to ^increase the amount of active lesson space. 

■ . ' ' ' , ' ' ■■ 

7*11 PLATO FEATuifes PARTICULARLY USEFUL IN PHYSICS TEACHING ^ • 



The fine graphical display cind calculationaj| features of PLATO play a 
fundamental role in all PLATO physics lessons. These feat^ires make it 
possible to' make' graphs and animated car^^oons easily, which adds a great 
deal to the- attractiveness of what the Situdent sees. Anima^|.ons are e 
j^rticularly useful fotr showing dynamic phenomena,,^ as opposed to the 
static figures of a textbook. . 

Another basic PLATO feature which is used heavily in most physics ^ ^ 
lessons is the ability easily to cmalj^e student responses -of a numerical 

. ■ ■ ■ • ■ .■ • ^ - 

or algebraic nature. The handling of physical units at the dimensional 
level^is also importcint. ■ - ^ 

The PLATO system's "module ^/[router " has provided the physics department 
with a very convenient mechanism for sequencing students thr6ugh the 
appropriate lessons and for obtaining reports on student progress in the form 
of which lessons have been compLetied and what scores have ''been obtained on 



the homewor|c exercises. 



ERIC 
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7.12 FUTURE DEVELOPMENT , , . ' 

* ■ 

Enpugh experience has been gained to encourage continued development. 

• *• 

Some of this development will take place in the direction of refining and ' 
restruct:uring existing materials and the way in which these materials are 
used in courses. It has been suggested that the classical mechaniciS course 
might benefit a great deal from building in systematic review materials, 
something which has not been done so far. Students do go through lessons ^ 
again for review purposes, but they may need a diff^ent kind of review ^ 
mechanism, including short-answer quizzes 6very wegk pr two. ^Another area 
likely to be further explored is the integration of PLA^O with laboratory 
exercases. There , already exist many PLATO simulated lab experiments, but 
more \experience is needed in how best to ejiploit them. In the long run, 
given 'much more development, it might be possible to run more "tracks" of the 
courses. It should be easier to route students through 'differing versions 
of a PLATO course than can be conveniently done in a conventional course. 
It is likely that some teaching of nuraer^^l methods will be added to the 
course, with students writing computational programs on PLATO as well as 
studying instructional lessons^ An important -development is thV=gi*Q5^ing 
number of physics departments which have access to PLATO systems. It can be 
expected' that this growth will lead to development of lessons in are^s 
presently not . covered and to the appearance, of better » lessons on topias ^ 
presently covered. 
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7.13-'' PLATO PITfS ICS 'MATERIALS SEPTEMBER 1976/ 



The following lessons are in use in physics classes at the University 
of Illinois, Urbana, and at other PLATO sites arovind ^Ibe covintry, including 
. the University j^f Illinois at Chicago- Circle, Carnegie-Mellon University, 
,the University of Arizona, Valparaiso^ University, and the City Colleges of;/ 
Chicago o . ^ 

The average "completion" time for each lesson is given. This is the 
amount of time spent in reaching some criterion set by the author , of the ^ 
* lesson. In the c^se of lessons which end with a mastery quiz, the comple- 
tion time includes the time spent in the l^esfson up to the point where the 
quiz ha's been passed. The student does not have to complete a lesson 
in one sitting, because his personal record allows him to restaxt iti the 
middle of the lesson. If a student reviews a lesson kfter completing it, 
the additional study time* does' not count in calculating the completion time. 

7.13.1 Classical MechanjLcs . ^ ^ 



Introduction .to PLATO (25 min^ 

Dennis Kane, UI Physics ^ . 

Explajris to students how to use PLATP in ecience courses*. 
Treats keyboard and notation conventions common to PLATO 
science 1^-ssons, including how, to erase , and edit responses, 
how to use calculator^ mode, etc. 



Introduction to Vectors (50 min) . , 

Bruce Sherwood, UI Physics < . ' 

Student moves a boy and a girl around on the screen, forming 
vector displacements, . with questions about length and 
components. A brief review of trig precedes discussion - 
of angle aspects of vectors. 

One-dimensional Kinematics I (40 min) 
Jruce Sherwood, UI Physics 

Bagic^ concepts of position, velocity ,\acceleration, and time 
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based on familiar aspects or .Automobile .tqjavelo Includes 
reafling^gf^phs. Applications, Mastery quiz, 

One-^diAei>sional Kinematics II 1(90 min) . 
Bruce Sherwood, UI Physics 

Simple numerical integration (with graphs) leads up. to 
student derivation of the equation = Xj^ + v;^t + nt /2. 
Applications, Mastery quiz* 

Graphical Kinematics I /(l 20 .min) 

Ed' McNeil^ UI Chicago Circle Physics 
- Connection between slope and derivativle: gra^)hical 
differentiation. Student makes input^^^y means of a 
: graphics cursor, ' 
«» . * 

Graphical Kinematics II C60 min) 

Ed McNeil, UI Chicago Circle Physic^^ 
t. Connection between area and integral. Graphical 

integration. Student makes inputs by means "of a graphics 
cursorr'^ 




Two-dimensional Kinematics O 70 min) 

Bruce Sherwood, UI Physics ^--^ ' 

Introduces and tests basic concepts of. vector displacement, 
velocity, average velocity, and acceleration. Various 
applications deal with kicking a football. Also' treats 
circular motiog, .including a derivation of^ ^ft^j^adial 
acceleration v /r. Applications include satellite motion. 
Mastery ' quiz , ' ^ 

.■ ■ - . ■ ■ . A ■ - ' 

Introduction to Relative Motion: ^ CIS min) / .^j ' 

Carol Bennett, UI Physics ^ ; ' ' • . ; ' 

Derivation of the basic formula for Galilean transformation 

of velocity between moving coordiriate frames. 

Conservation of Momentum (45 min) 

Bruce Sherwood, UI Physics (revised by Dennis Kane) 
Animated displays shows elastic and inelastic 'colMsions, 
Momentiam conservation is found by explibit calculations 
from the simulated experiments. Applications, ^ flasfcery quiz 

Forces and Free-body Diagrams (70 min) 
Carol bennett, UI Physics 

Introduces typical forces, including tension in a string 
and friction between surfaces; ^Treats the concept of a 
free body and has the ;Btudent isolate and analyze various ' ' 
kinds of subsystems for the forces. 
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'Fr^e-^body, Diagrams (without rotation) (80 min) 

Bruce Sherwood, UI Physicfs (revised by Craig Burson) 
Drills the student on a systematic approach to solving 
dynamic^^jMpblems. Treats one- and two-^boAy systems. 
Student i?i3cd a subsystem, identifies the forces, writes 
the equations of motion^ writes the geometrical constraint 
equations > and solves 'the- a»lgebra» Mastery quiz. 

Work and Kinetic Energy (70 min) ^ " 

Dennis Kane, Ul Physics " . 

Relation between Vrork and kinetic energy, with applications 
involving constant forces. Includes treatment of dotX 
product. * ; * \^ 

Work Done by Position-dependent Forces (20. min) 

Dennis Kane, UI Physics '/ ■ ■ it * 
Student divides a force-dist/ance curve i^ successively 
smaller steps to approach an integral. Applications 
include 'work done by a spring. - ' ^ 

The Wbrk -Energy Equation (70 min) ^ 
Bruce' Sherwood, UI Physics 

Treats the general work-energy equation, inciudirig thermal 
an(i other internal energies (essentially the first law of 
thermodynamics, but' in a mechanics ^setting) . Includes a 
detailed treatment of work done^y friction* Final section 
deals with the effect of thev choice of sxabsystem on the > 
form of the work-energy equation.. ^ 

Moment of Inertia and Rotational Kinetic Energy (20 min) 
Dennis Kane, UI Physics - 
"Calculation of I and KE for various, rotatigig' systems • 

Torque- and Angular IJomentiM' (60 min) • . 

Bruce Sherwood, 'UI Physics / • 

Drills on direction magnitude of torques applied by 
a wrer^ch (treatment is mainly two-dimensional). Angular 
momentum is •calculated for a spinning and translating \ 
'dumbbell. Example of angular momentum ccShservation. 

Free-body Diagrams (with' rotation) (70 min) 

3ruce Sherwood, UI Physics (revised by Craig Burson) 
Drills the student on a systematic" approach to solving 
^ ciynamics problems. Treats* one- and two-body systems. 
Student picks^ a subsystem, identified the forces, writes 
the equations of motion, writes the geometrical constraint 
include tfhe .torque equation. -Mastery quiz. 

Oscillations: Simple ^Harmonic Motion (110 min) ^ 
^ Bruce Sherwood, UI Physics \. 
Basic concepts of amplitude; period, and frequency are 




" ^troduced in -cdrinection with ^ a calculable anharmonic 
oscillator (two incline^s facing each other). Spring-mass 
system' trea^ted by analogy with circular motion, and by 
-optional calculus treatment. Experimental simulations, 
Ajbplications incrud^. pendt^lums- '^ Mastery quiz-, " . 

Homework Set^ for Clas^cal Mechanics' 

Problems by James Smith, UI Physiqs, programming by Dennis 
Kane, assisted by Bruce Sherwood. 

Fourteen sets, each containing eight piroblems, which span 
» the introductory science-oriented classical mechanics 

course.' Four sets are available 'in twpj different versions , 
depending on whethe^.the course treats momentum before 
energy or vice versa. Many, problems are : illustrated by 
liner drawings or animations.. Numerical jpai^ameters in\ /. 
problems are generated on the basi^ of /the letters in^^the 
student's name. Each set oUtf5uts 'a sccre on a scale of 
O-foO. Student responses are checked for humefi^sal and 
dimensional accuracy. Errors' in units lor in typing (such) 
as unbalanced parantheses) are e^cplained' to the student, but 
^ wrong answers are simply reported as incorrec^without. 

^ telling the correct answer. The level jbf the. problems is moderate 
to difficult. 

_ I. • " . 

Phizquiz: A review of Classical Mechanics (^0 min) 

Brad PetersonV UI Physics, with James^ Sm^th (revised by 
Dennis Kane) . ' ' "^^^ 

Eight problems" from major areas Of classical mechanics. ^ 
: Basic situation- is de scribed—then student must "buy" , 
' V specif ic information (masses, velocities, etc.). Students 
is charged for ii:rel^vant information,' so that care is 
required to solve the pirobl^m at minimum cost. 

20 Mult^iple-Cho/ce Mechanics Questions (25 min) ^ * 

,Tom Lemberger, UI Physics ' ' 

■ Review questipns on all areas of classical mechanics. . 

, " , ■ ^ , . ■ . 

7.13.2 Relativity V 



InJ:roductibn to Special Relativity (20 min) , 

Donald. Shirer, Valparaiso .University V . "iS-^iti; 
Introduction to a series of lessons on special r^\B^%€^i^y 
Outlines approach, 'inventions used, help available. ' 
Discusses measurement^ madp by co-moving observers. 
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High-Speed Physics (50 min) 

Donald Shirer, Valparaiso University 

Describes two experiments^ which show that modifications 
must be made to classical formulas for momentum and energy 
"at very High velocities. ^Discusses implications of these 
formulas and their prediction of an ultimate "speed limit" 

Mass and Energy (50 min) 

Donald Shirer, Valparaiso University 

Discusses differences between kinetic, potential, I^^Jt^iJ 
and rest energy, and, shows that the Einstein mass-energy 
formula is -compatible witla the p,E laws found earlier. 

,3 ..-Dirills 



Drill oh Vector Addition and ^Subtraction (45 min) 
Dennis Kane, UI Physics 

Mixed drills, including the calculation of magnitudes 

and angles. * ^ 

- ^. * . * 

Drill on Momentum"^ in Collisions (7 min) 
Dennis Kane, UI .Physics 

Drill on analyzing^ collisions of two particles. 

Center-of-mass ^Drill (5 min) ^ ' 

Dennis *Kane, UI Physics * ^ r ' 

^ Two to four particles are shown on a grid, and the student 

must calculate and point to the center-of ^mass. 

\ ■ 

Relative Motion:. Boat on a River (15 min) t 

Carol Bennett, UI Physics ' ' ^ 

Student tries to steer' a boat to different points on thie 
, oppositc^bank of a flowing river. ' Animation shows the 
boat as itj^ioves' across the river. 

Combining Exporimehtal Errors^ (20 min) 
Carol Bennett, UI Physias 
' Combining of errors for addition, subtraction, 

multiplication, and division of experimental quantities. 

GRAFIT .Programming Facility 

'Bruce Sherwood, UI Physics ' , 

A simple programming language with inherent graphical 
output, designed to assist science st^uaents to compute 
and graph results for small calculations. 

Physics Games 

Carol Bennett, UI Physics ^ . 
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Mechanics-oriented games, including projectile motion, 
determining target shapes from collision information, 
landing on the moon, and interplanetary travel. 




The Vector Olympics 

Bruce Sherwood, UI "Physics 

Three vector-associated games: estiinating lengths of 
vectors in centimeters, algebraic form of components of 
a vector in randoraly'-chose'n coordinate framSs,''and 
centimeter lengths of components in such frames. 
Touch panel required. 7 ' 



' Torque Game 

Carol Bennett > UI Physics ^ 

Threa- exercises of increasing difficulty involving 

balancing masses on a pivoted rod. Touch panel optional. 

Workout ■ . 

David Sutton, UI Physics (assisted by Bruce Sherwood),^ 



areas under force-distance curves. Touch pcmel required, 

<» 

Game Balancing Three Forces (15 min) 
Carol Bennett, UI Physics ' 

Student must apply three forces to an object in such a 
way that the object does not accelerate./- 

Intej;terminal Problem-solving Contest 

Dennis Kane, UI Physics (assisted by James .Smith) 
Students at' different terminals can challenge each other 
to see who cait solve a physics problem in the shortest 
time . . • 

, Interterminal Game of Physics Formulas 

Charles Guerra, UI Medical Center (assisted by Howard Balfour) 
Students at different terminals can challenge each other 
to produce specific physics formulas or to convert between 
different systems of units. 



7.13.4 Modern Physics 




product cmd estimating 



V 



Waves: travelling waves and the wave' equation 
Carol Bennett, UI Physics 

Aided exercises with components of a travelling wave 

and differentiation to test^ the' wave equation and find v. 



0 



Waves: vibrating string experiment 
Carol Bennett, UI Physics 

Description Of a vibrating string plus simulation Qf an 



EKLC 
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experiment in findi!|g/ the -wavelength of standing waves.. 



Waves: resonances in p\Lpe3ib^ith an experiment 
Carol Bennett, UI Physics 

Description and questions on standing waves in pipes 
with a 3-part experiment with an open pipe, 

. Waves: Doppler effect 

Carol Bennett, UI Physics 7 
Dennis 2Cane,.^UI Physics / 

G.uided derivation of Doppler shift(cb); exercises (dk) 

E-M radiation: polarizers^ 

Carol Bennett, UI Physics 

Summary on polarizers; template with help for working 
problems on 1 "to 3 polarizers, 

/ 

E-M radiation: s'lit interference and diffraction 
Carol Bennett, UI Physics 

Simulation of intensity patterns for varied slit width, 
separation, and number, 

E-M radiation: phase (vector) diagrams with quiz 
Carol Bennett, UI Physics 

Construction of interference patterns from addition of 
electric field vectors; quiz on propertiTes of patterns, 

7,13.5 Geometric Optics , ^ 



Snell ' s law 

Carol Bennett, UI Physics 

Ta^o game# involving a refracting surface 

Thin lenses 

Carol Bennett, UI Physics 

Graphical exercises drawing the principal rays for a 
concave and a convex thin lens; calculate image' position 

Plane mirrors 

Carol Bennett, UI Physics 

Graphical exercise locating the images for two 
perpendicular plane mirrors. 

Spherical mirrors 

Carol Bennett, *UI Physics (assisted by Dennis Kane) 
Numerical exercises ( f ill-in-the-table) for spherical 
mirrors, varying the unknown quantities. 
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Sign conventions in optics - 
Carol Berjn^t', pi Physics 

-^ndomjy generales a len^j irdr^ror, or curved surface, 
draws the .principal r^ys, a^id asks for the* signs of 
the focal length, object arid image positions. 

Geom. optics: homework problems with help 
Carol Bennett, UI Physics 



7.13.6 Particles and Waves 



Heisenberg Uncertainty Principle « 
Carol Bennett, UI Physics 

Discusses k and x for a particular wavefunction form; 
a few of these are measured for a varying parameter -in 
the wavefunction, tabulated with estimated error, and 
compared witk the analytical result the student derives 
in the lesson. 

Photoelectric effect 

Carol Bennett, UI Physics (assisted byj^G- Weas,t, T. Little) 
Exercises with simulations involving tne photpelectric 
effect; finding kinetic energy from retarding potential; 
finding work function of a metal from simulated current 
measurements. 



7.13.7 Elementary Quantum Mechanics 



Infinite square-well potential 
Carol Bennett, UI Physics 
• Properties of infihite square-well wavef unctions land 
energies. 

Finite potential wells and bari^iers 
Carol Bennett, UI Physics 

Wavef unctions are plotted for arbitrary finite potential 
well and barriers; analytic forms are shown with the 
numberical coefficients. ; 

Finite potential-well wavef unctions 
Carol Bennett, UI Physics 

Guided exetcises in finding bound states for 3 finite 
potential wells. 



Quantum mechanics 

Carol Bennejit, UI Physics 
Review problems. ^ ^ 
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Atomic quantum numbers 

Carol Bennett, UI Physics 
* Timed exercise in identifying the n,l,m atomic quantum 
numbers for a given system. 

Molecular vib/rot spectra 

Carol Bennett, UI Physics 

Vibrational and rotational' energies and photon 

^missions in a diatomic molecule, 

' i 

Nuclear decay \ ' , 

Carol Bennett, UI Physics 

Simulation of neclear decay and exercises to find 
half-life from a plot of the decaying particles including 
fitting the data to an exponential decay function. ^ 

General: review questions from past exairts, multiple, choice 
"Carol Bennett, UI Physics , 



7.13.8 Thermal Physics 



Thermal Equilibrium (30 min) 

-Donald shirer, Valparaiso University 
Open-ended simulation of an experiment in which 
molecules exchange energy randomly and go from ordered 
"to disordered (equilibrium) state similar to Boltzmann 
Distribution. 



7.13.9 Elementary Electric 



Ci.rcuits,/ 

'Carol Bennett, UI Physics 

Plots of current vs. time in rl,rc,rlG circuits^ 
wi^th exercises on what should be expected. 

Game with charges 

Carol Bennett, UI Ph>^sics 

Find 1 to 4 randomly ^ located point charges by measuring 
the electric field; introduction on fields and forces. 



7.13.10 Intermediate Optics 

( 

' Ray tracing 

David Sutton, UI ^^^Physics 
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^ Ray tracing thru a single spherical 

refracting surface; spherical aberration. 

Optical path length - 

David Suttcoi, UI Phyatcs ' , 
OPL vs displacement of ,ray from the optic axis 
at spherical surfaces. 

Fermat's principle 

' David Sutton, UI Physics ^ 

Experimental minimization of the OPL between two points 
separated by two plane surfaces (3 indices) ; 
checked by ray tracing. 

7.13.11 Intermediate Quantum Mechanics 



Wavef unctions for 1-D potentials ^ ' ' 

Carol B'ennett, UI Physics 

Plot wavef unctions for any chosen potential V(x) ^ 

Wavef unctions for radially symmetric potentials ' ' 

Carol Bennett, UI Physics 

Plots wavef unptions .for arbitraicy potentials V(r) ; 
calculaljj^ phase shifts. ; ^* 

Addition of angular momentum * 
'Carol Bennett, UI Physics 

Exerciseg illustrating the addition of angular momentum; 
brief introduction to Dirac notation^ 

Matrix algebA ' " 

^ Carol Bennett, UI Physics 

- Review of matrices as applied to qlm. ; simple exercises. 

Helium atom ^ ' ^ ' 

Carol Bennett, UI Physics 

Analytical calculation "of electron single-particle ^ 
pseudo potential; introduction to self-consistent 
calculation- ' 

Helium atom ^ , 

Carol Bennett, UI Physics 

Self-consistent calculation of electron wave function; 
charge in nucleus ar^d angular momentum quantum number 
may be changed. . ' 
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7. 13.12 Service Routines 



Calculator/function plotter ' 

Carol Bennett, UI Physics • - 

Elaborate calculator and x-^y function plotter with 
user-defined functions A-Z and variables a-z. 

Mini-calculator . 
Carol Bennett, UI Physics 
^ Small calculator vgdthout usejj^def ined functions; includes 



J 



real or complex numbers, ra^SBh numbers, array operations • 

^oot finder - 
Carol isennett). UI Physics 

Finds .X for arbitrary f (x)=0 step-wise search 

and interpolation. ^ , "^^^^^ 

Least squares * " J ^ 

Carol Bennett, UI Physics . " T 

Linear and quadratic fit to datci points without weighting. 

Numerical integration ^ ^ . ' 

Ccirol Bennett, UI Physics ' ^ 
Introduction with exercises. 

Niimerical integration ' \ - 

V Carol Bennett, UI Physics 

4th-6rder Runge Kiitta for 1 to. 4 equations. 

Simultaneous*linear equations ^ • 

Carol Bennett, UI Physics 

•Solves a set of simultaneous linear algebraic equations. 

. 

Eigenvalues and eigenvectors 

Carpi Bennett, UI Physics 

Finds the eigenvalues and eigenvectors for real 
symmetric matrices . 
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8. UNIVERSITY CHEMISTRY 



8.1 SUMMARY ' • ' ' 
Support from this KSF grant provided funds to purchase 30 PLATO IV 

■ • ■ . /> . 

terminals and the necessary communication equipment to establish a PLATO 

♦ • . 4- 

classrgom within the Department of Chemistry at the University of^Illinois, 

Lesson material has been developed to use this facility in the teaching of 

general and organic chemistry. At the present time approximately 1000 students 

use the- terminals from* 1 to 2 hours per week to study assigned lesson material. 

In general student acceptance of instruction on PLATO has been very good, 

one questionnaire 96% of the students in an organic chemistry course said 

that PLATO helped them learn the material, 

8.2 CHEMISTRY AUTHORS 



. ' The , authors of the lesson materi^I^ have all been membera-vof the / 

Department of Chemistryo Dr, Ghesquier^ was invplved with PLATOj'III and 

the initial phases of the PLATO IV programming. Ms, Moore is juse 

beginning work on lesson material and Dr, Myers wrote a set of lessons on 

. • ' . ^ ^ ^ 

carbohydrate chemistry during a brfeef post-doctoral program, Dr, Ruth Chabay 

ihas been instrvimental in the development of the programs for th^ teaching of 

J X . ■ 

general chemistry and Dr, Smith has done much of the j^Rrk on the organic 
chemistry material, . ' . ' ' 
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A siammary and brief description of the programs which have been 
developed, is given in section 8.8. 

. ■ r ■ , 

8.3 DEVELOPMENT OF INSTRUCTIONAL MATERIAL 

Our' research into the use of computers to help students learn, chemistry 
was initialed .-on PLATO III in 1968. These efforts were directed towards 
ways* to provide individualized instruction which could be used by the 

\: , .• ■ .c, ■ . 

students in Icirge lecture courses v^o have diff^-culty obtaining help specific 
Ijo itheir needk. 

Each program has been written by one individual who serves as . the 
instructional designer and programmer. ThLs approach^does not impose other- 

individuals between the es^perience and creativity 0f. t:he teacher and the 

I ■ \ ■ ^ *«■ \ 

final instructional lesson. v ^ 

The programs which were developed on PLATO III and tested with small ^ - 
groups of students w^re transferred to PLATO IV. The ^dbmpletions of the 
chemistry classroom coupled with the steady growth of new lesson material 

r , 

on PLATO IV is reflected in the use of chemistry lesson material which is 



siammarized in Table 8.1. At the present time, approximately 10^l<X>^tudents at 
the University 'of Illinois use PLATO to. study chemistry for 1 to 2 hours 
peif^ week. This level* of use essentially saturates the facility and expansion 
in the use of PLATO in chemistry requires the acquisition of additional 



terminals. 



^ Table 8.1 

Use of Chemistry Lessons 

Academic Year Hours of Use 

1973-74 4,400 

L97^-->5 30,960 

1975-76 51,500 

241 



229 



in. addition to the/use of the chemistry progranjp at the University of 

Illinois-, about 1/4 of the total usage of the Ipssons occurs at other collegBs 

and Universities associated with the UI PLATO system, i' 

' ^ ■ . . . 

The spread of Jiours of use of the system by students in a typidSl 

cou5:se is shown in Pig. 8.1. The number of lessons completed by these 

students is illustrated in Fig. 8.2. It is iritertesting to note that only 3a 

lessons were assigned so most students did more than the 'required amount of 

work. The wider variation, in the time that students work than in the nximber 

of lessons tli^y-<ZQinpleted, of course, reflects the difference in the rate ' , 

at which students complete instructional material. ' > 

The lesson material is written in a variety of pedagogical styles and 

includes tutorial dialogs, animations, simulated experiments, open-ended 

multistep organic synthesrLs, drills, and chemical games. In general, rife , 

lessons are used to^ supplement and extend the lecture component of the 

course. Usually each lesson has an ^internal index 'so students may select 

and review particular sections of a lesson or skip others which have al- 

v' ■ ■ ■ 

ready been mastered. "Credit" for ct^mpleting a lesson is usually based on , 
satisfactory completio^n or a review prqblem set.. 

An important component in th§ design of^ the instructional material has 
been the incorpora;^^^n of simulated experiments which allow students to . 
repeal? classic experiments and to gain experience in the design of experi- 
ments and th^ interpretation of data^ For example, one lesson allows organic 
chemistry students to study the effect. of the concentration of alkoxide on 
the rate of reaction of n-butyl bromide and t-butyl bromide in ethanol 
through computer simulations as an aid to iinderstariSing unimolecular ahd 
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Chem 131 Spring 1976 



HOURS on PLATO ', 

403 students 
Avg: 3^.1 Total : 14159 
06/10/76 




30 , 40 
HOURS on PLATO 



Fig. 8.1 Hours of PLATO use by'4jD3 students in typical chemistry course. 
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Ghem 131 , Spring 1976 

LEjtsoNs completed: 

, 403 students 
Avg: 30.0 Total : 12092 
06/10/76 ^ • 




NUMBER of LESSONS 



8.2 Numbers of lessons completed by 4€3 s 



ents typical chemistry " course 
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bimolecular substitutioa and elimination reactions. AnimaticJfts then graphi- 
cally illustrate the sterochemistry of these processes to farther enhance 
the students understanding of these basic reaction mechanisms. 

8.4 DESCRIPTION OF cduRSES USING PLATO ^ 

* -I / " • « 

General Chemistry: The general chemistry course for students with no 
pftior chemistry has an enrolljnent of 400 to 500 students per semester. The • 

one lecture per week, a. quiz section and a . laboratory 'ar^ now supplemented 

'''-'*,■» 
by 35 PLATO lessons. On the average, the students in this course Spend 1.2 

*■ 

hours per week doing the assigned PLATO lessons. They come at anytime they 
like, although an automatic site management schejne give^ them priority oh the 
use of the terminals between 8 am and noon on week days. 

The 35 lessons in t^is course aovel tlje^asij: theoretical principles 
and give studentis individual help working problems on other , topics including 
the. metric system, scientific notation, nomenclature^ basic atomic structure, 
i<yiic ^d covalent bonding, chemical formulas, balancing equations, stc^ichimo- 
metry, ideal ^gas laws, and chemical equilibrium.^ 

.Organi'c Chemistry: /Two beginn^ing organic chemistry courses at the . 
University of Illinois now use PLATO as a required part of the instructional 
program. The coursefor non-majors has' 400 to 500 students per semester 
while the course for chemistry majors has 8^ to' 200, students per semester. 
Each of these courses meets three times per week plus required work on PLATO. 
'The same basic set of PLATO lessons is used •in both courses wit^ some addi- 



tional' programs required "for the chemistry ma lors. At th^J. present time 
between . 30 and 35 lessons ar6 used each semester, , . ^* ' 



The programs cover ^Ig^c^h major -topic in the 'course i-^ nomenclature , 
optical activity^, conformational analysis, alkenes, arenes^ alcohols^- 
aldehydes, ketones, .amines, carboxylic ac^-ds, NMR, IR, and multistop 
« aromatic and aliphatic synthesis. Students are given credit towards their 
final grade for , completion of the programs which constitutes about/ IQ.Si of the 
total "course grade. On the average students spend about 2 hours per^week 

worki-ng fehese p'rograms. ^ * ' 

.\ ' ' * ■ ' • ' . ■ . . , 

, ' / •■ 

In addition to the instructional- lessons, the PLATO sys-tem serves as a 

communication iirik betweeii the students and the instructor through the use <yf 

student notes, ^^tdditional services provid'^d the student >^ include an on-line 

gradebook which gives them detailed ^formation on'-their class standing, 

answers to* hour exams, reading ^d ^homework assignments. Part of the grade- 

book is illustrated, in Fig. 8.3. ' . ^ ^ . * ' 

Just as with the gener'^al ^hemistry course, the organic chemistry students 
may work when ever they want, although th^ automartic class management system 
give them priority on the use of the terminals during the afternoon hours. 

Qualitative Organic Analysis: In a senior level qualitative organic 
chemistry course students spend the first few laboratory periods reviewing! 
the basic chemical and spectroscopic analysis^ techniques which are re(jHlrec 
for the identification of unknown compounds. Then they practice their de- 
ductive Svtrategies .by attempting to identify^ compounds through computer 
simulations of the laboratory. ' After solving about a dozen unknowns on the 
computer the students are then allowed to go to the laboratory" and' deal 'with 
real compounds. ' . . ♦ . 

Data on v^sson Performance: The extensive data collecting capability of 




student '. 



Fig; .8.3 Distribution bf examination scores for 347 students iri typical chemistry 
course • - ^ / , _ 
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the PLATO sys^t^m has made it possible to gather data on the use of the 
lessons. For example, Fig, 8.4 shows a plot of the number of errors 
-students made in working one section of a lesson. The error rate shown can 
be put into better context by looking at the % of the questions which students 
got right without help as shown in Fig. 8.5. It has b^^Ii^ valuable to r^eview 
plots of this type for new lessons to be sure that the problems ai;e not too 
easy (high %ok ) or too hard (low %ok) . Where data of this type indicate that 
the lesson is not working correctly, the program is modified. Tl^e Scatter in 
the plot of time vs.^ errors shoWn in Fig. 8.6 illustrates the diverse 
abilities arid rates at which students work and serves to reinforce the de- 
sire to provide an instructional system such as PLATO whichjfl?ill adjust to 
students as individuals rather i^an trying to force them all to work and 
learn at the same rate. - 

0 < ^ 

1 • ^ 

8.5 STUDENT ACCEPTANCE 

In general student acceptance of instruction presented on PLATO has very 
good. For example in a questionnaire, 96% of the students in an ^organic 
chemistry course said that PLATO helped them learp org'anic chemistry while 
2% 'said it had no effect* and another 2% felt tjrat it hindered their learning. 
When asked how they would advise a j^z^nd, 57% said to take PLATO "if at all 
possible" and 27%. vofed for"fight tooth and nail to get into t:he PLATO section" 
Between f ^d 2%^ of the students, did not think PLATO should be used. In 
addition 90% of the. students indicated that the. same number or more programs 
should be used in the course. 
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Fig. 8.4 Distribution of errors made by students in working one section of a 
chemistry lesson. 
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Fig. 8.5 Distribution among students of the number of questions answered correctly 
on first try for one session on a chemistry lessors. 
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Fig. 8.6 Relations; of time spent a,|^PLATO terminal to number of errors made 
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' Student comments also serve as an indication to the acceptance of 4 
this type of instruction. Students have commented: . ) 

"PL;j(T0 is prdbably the most valuable ^tool for learning in ^his course. 
Ijearning is accomplished at one's ovm pace- and,* best of all, at^a civilized 
hour (i.e., not at the. crack of dawn). The lectures are too ''impersonal, 
making it both difficult to pay, 'attention and worst of all, impossible to 
ask questions in" j .. j 

"];. feel that PLATO is and can easily continue to be a valuable instruc- , 
tional tool. PLATO has the capacity of providing the student with practi^ 
problems together with immediate results of his work. Thus I highly recomtnend 
the continued use of PLATO as a supplement^ to not only tl^s but other courses^ " 
* •'•,,/« 

"PLATO is a marvelous tool and I find 'learning with it' a great 
.experience. It tends to make chemistry more> ajopealing aind sometimes even ^ 
fun." 

■ c 

"Lectures bared me. The book didn't help me. If it hadn't been for 
PLATO I could not have passed the course, much less done as well as I had. 
PLATO is excellent" 

"Using PLATO wasn't like a book. Her^^ had to get it right and I 
could practice the problem instead of just saying "yeah I guess I know 
ti^at" 

These data indicate that students regard PLATO as an important and 
effective part of chemistry courses and strongly support its continued 
development and use as an instructional tool to help improve tlie quality of 
education af .the"<Uniye'lisxty . ^ ^ . ^ . * * . -'^^ 

8.6 UNIVERSITY OF ILLINOIS PLATO CHEMISTRY PROGRAMS- (NOVEMBER 1976) 

The average x:ompl6tion time in minutes for UI students is giveli for each 

^ at 

lesson which has specified performance criteria for completion. 

8.6; 1 Introduction to PLATO ,. ' 

t ^ • ■ ^ 

• % •• 

" ./ ' Si • 

Brief" introduction to the "^^LATO'Keybpard (10 min) • 

Ryth/^fhabay " ^ . 

ii^tirotiu'ction to the PLATO keyset for new chemistry 

student^. Emphasizes typing j|R6wers at ,arrows, including ' 

use of SUPER and SUB, and usp of common branching keys. 



Introduction to the Touch Panel (3 min) 
Ruth Chabay ^ 
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Introduction t6 the touch panel. Explains ho V the 
tQuch panel works, and common pittalls of using it. 
Gives student a chance to play with, the panel. 



8.6.2 General^ Chemistry Lessons . 

8.6.2.1 Basic Skills * * . 

--/The Metric System (58 min) ' 

Ruth Chabay ' . »^ . 

Introduction to the metric system. Introduces metric ^ 
prefixes, units of length, mass, volume, temperature. 
Stresses' conversion betweten English and metric uni|s; 
emphasizes use of dimensional analysis in solving- prbblem 

Scientific No1;ation (44 min) . -* 

' Ruth Chabay 

' Exponential notation, writing large and small numbers 
correctly in scientific notation, multiplying and 
dividing using scientific notation. 

Conversion Factors and Dimensional Analysis (35 min) 
Ruth Chabay 

Introduction to th^ use of dimensional analysis in 
solving problems. Practice setting up problem solutions- 
by* constructing conversion factors, with special 
attention to' using units correctlyo ' 

Math Skills Diagnostic Quiz (26 min) 
Ruth Chabay 

Quiz to measure entering mathematical skills of general 
chemistry students. Problems involve percent^ ratios, 
solving linear equations, interpreting graphs. 
. Students can find out correct answers, but no 
instruction is provided. ' 



»6.2.2 Elements, Athoms, and "Nomenclature 



Description of the Elements (28 min) 

Stanley Smith ' 

Properties and uses of some of the common elements. • 

Atomic Number and Atdtaic Mass (31 min) 
Ruth Chabay " 

Introduces concept of atomic number, nuclear particles, 
counting protons ^ neutrons and electrons > isotopes , 
calculation of average mass from isotopic distribution. 



Calculation of Mprlecular Weight (17 min) ^ 
Jim Ghesquifere 

Practice problems on mole(?ular' weights and moles. 

Names of the Elem^fiW-Ni^ min) 

Stanley Smith / ' 

Practice on the names and symbols of the element^ 

•# 

Names of- the .Common Elements (37 min) 

Stanley Smith , j ^ ^ 

Practice on .the names ana symbols of some common elements 
> 

Name the Element Game 

Stanley*' Smi|:h -and Ruth Chabay ^ 
Intertermihal game in which one ^Student gives the other 
an element to name. 



Inorganic N(f)menclature (39 min) 

'^arOlyAn Moore / " '/ 

Names of cations, anions, polyatomic ions, acids and, ^ 
bases and/tfiu^tivalent cations. 

- • Ac ■ ' ^ 

2.3 Atomic Structure, Chemical Bonding, Compounds 

*■ 1 • ■ 

Valence; Electrons (19 '-min) ^ 

Ruth Chabay - ^ 

Determining number of valence electrons (Groups lA, IIA, 
I III^-O) by locating the element in the'^periodic table.' 
Periodic relations of common ions formed by elements in ^ 
these^ groups. 

The Aufbau Principle (35 min) ' * 

Ruth Chabay 

Introduction to electron configuration. Constructing 
orbital occupation diagrams for elements other than 
rare earths. 

/writing Electronic Configurations (38 min) 
Ruth Chabay . . - 

Introduction to Is 2 notation for representing electronic 
conf iguratiohs. ' Correclation of electronic configuration 
with location in the periodic table. 

■Historical Introduc*tion to Atomic Theory (40 min) 

Ruth Chabay ' . > 

Student performs simulations of experiments done by 
.Dalton and Rutherford, leading to determination of . 
relative and absolute )nasses of atoms. 
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iconic Bonding and Lewis Structures (27 min) 
Ruth Chabay 

Writing Lewis dot' structures to represent ions and 
ionic compounds. Recognition "^f common types of 
i ionic conpounds (acids, bases, and salts). 



Covalent Bonding: and Lewis Structures (46 min) ' 

Ruth Chabay ' • " , ■ *( 

Discussion of the principles of covalent bonding. \ 
Writing Lewis 3ot .structures for covalently bonded ^ 
compounds. Covers single aiti^f^iultiple bonds, but not 
resonance. ^ 



8.6.2.4 Balancing Equations, Stoichiometry . ^ 

* tt 

f 

- taT' 

Balancing Chemical Equations . (26 min) 

Stanley Smith * ^ 
Pratice problems on balancing simple chemical 
equations. 

' Balancing REDOX Equations ^(31 mxn) ^ 
' • ' Stanley Smith 

Practice problems on balancing simple. oxidation- 
^ reduction equations. 

Molecular Fomulas and % Composition (83 min) 
. Ruth Chabay* r ■ ' . * 

Counting atoms in molecules, definition of empirical and 
molecular formula, ^calculation of molecula;: weight. 
^ Calculation of %, composition; finding the empirical 
formula from % composition data. 



Calculations Using Chemical Equations (65 min) 
Ruth Chabay , 

Elementary chemical stoichiometry meaning of a chemical 
equation ; mole-mole , mole-weight , and weight-weight 
problems. 

Solutions: Concentration (46 min) 
Ruth Chabay 

Definition of mqlarity, calculation of molarity of ^ 
solution. Solving problems inyolving molarity, including 
solution dilution problems » . ' ' * 



8*6.2.5 Chemical Equilibrium 
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Chemical Equilibrium & Le Chateliejr's Principle (32 rain) 

Ruth Chabay ^ . ' . 

This lesson leads', the student through a tutorial dialog 
in which a non-chemical system is used as an example 
to define equilibrium, define K e q, and illustrate . 
. Le Chatelier's plrinciple. 'Not much mathematical ' 
dStiWiation ^is required. 

Chemical Eiaulibriuirf and WeaJc Acids (68 min) 
Ruth Chabay 

Introduction to chemical equilibrium using a non-chemical 
system; discussion of acid dissociation. Practice using 
K 'a to calculate ionic concentrations l^or weak acids. 

Equillbri'uxn problems (16 min) ^ / 

'N^ Jim Ghesquiere • » ' A > 

Practice problems on chemical equilibrium, j > v 

K e q, K a, Kb 'and pH (20 min) y:/- 
Jim Ghesquiere ^-"^ , * ' ^ 

Relations between kI e q, K a or K b. Calculation of acid- 
• base equilibrium coiicentrations, pH and equilibrium 



constants . 



Chemicalv Stoichiomejry (10 min) 

Jim ^Gh^squiere ,^ 
Problems'" on th^ use of balance chemical equations. i.- 

Ideal Gas Laws (67 min) * 
Stanley Smith * . 

Experimental derivatidn of ideal gas laws. 

■ y ■ 

Solving Ideal Gas' Law Problems - part I (24 rain) y 
Ruth Chabay* 

Reviews the algebra necessary for manipulating the ideal 
gas law equation; practice rearranging the equation and 
solving problems including converl^ing torr to atm and . 
C to K. ' . 



8^ 6. 2 j6\ Thermodynamics 



Law of Hess (37 min) 

Jim Ghesquie3*e » 
^^Endothermic and exothermic reactions, addition of 
equations to deVermine enthalpy of a reaction. 
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8.,^.2.7^ Laboratory I^Bchniques * - 

Use of the Analytical Balance (34 min) 
Stanley Smith 

How a single pan balance works, reading the scales 
how to operate . 
" " ■. * " , . ■ . 

*How to Read a Buret (9 min) ^ \ 

Stanley Smith ^ ^ ' 

How to use and read a buret. Uses photographs 
of buret on microfiche for practice problems. 

Freezing Point Depression Experiment (81 min) 
Jim Ghesquiere 

^ Determination of molecular weight with simulated 

experiment on freezing point depression of benzene 
solutions* ^ . 

8.6,2. 8 Acid-Base. Chemistry 



Acid-Base Reactions (13 min) 

Stanley Smith 5 ' 

Practice problems in setting up simple acid- 
base reactions. . \ ♦ 

Introduction to Acid-Base Titrations (48 min) 
Stanley Smith 

Equations, calculations, indicators, aettin^^ up 
titration experiment, and oreading a buret. 



Introduction to Acid-Base Titrations (52 min) 
Ruth ChM^ay and Stanley Smitji 
Microfiche version of introduction to 
titrations. 

pH and Titration Curves (17 min) 
Jim Ghesquiere 

Calculation of H + and pH, titration o^f weak acids 
and bases, titration of diprotic weak acids. 



8,6.3 ORGANIC CHEMISTRY LESSONS 
8.6.3.1' Structure and Nomenclature 
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Organic Noinen6la$ure, part 2. (.44 min)- . . 

. ^ Stanley Smith 
' Cojnmon and lUPAC nameg* of alk^nes and alkyl halides. 



Organic Nomenclature, pa^t 2 (26 min) 

Stanley Smith V ^ / • . y- 

'v^.Writing of structutal formulas for alkeines and^ 
alkyl halides. Recognition the functional gipups; 
ROH, Rlto 2, RCHO, RCOR, RCOOH, RX,. RCONH 2. 

Na^nea^^of Organic Functional Grjoups (42 min) ^ 
Stanley .Smith ^ /j 

Provides drill on the recognition of common 
functional groups. 

Conformations of Alkanes (24 minj 

Stemley Smith - > 

Three diinensional representa^on of molecule^, 
conformations of etheine, propeuie and butane, 
energy' barriers to ^rotation's about single boncl^s, 
Newman projection formulas. ' ^ > 

Conformations of Cycloalkane (38 min) 
Stanley Smith 
Heats of combustion of cycloalkanes strain energy 
conformations -of 3, 4, 5. and 6 membered rings, axial 
arid equatorial groups. 

Bonding in Carbon Compounds (11 min) ^ 
Stanley Smith 

Brief review of sigma and pi bonds. 

Optipal Acitivity (59 min) ■ ' 

Stanley Smith ^ . 

3-D representations of organic molecules, mirror images 
recognition of chiral molecules, measurement of the 
\ dotation of 2-butanol, optical purity. 



8.6.3.2 Functional Group Chemistry 

Free Radical Halogehation .(57- min) 
Stcinley Smith 

Mechanism of free radical chlorination and . bromination 
of alkanes I ^'"Calculation of the^he>ats . of reaction from 
^ ' 'bond energies. 

hlkene Chemistry (44 min) - i 

Stanley Smith 
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• ■ • r- - . • • y ■ ■ r ■ ■ ■ 

Nomenclature of simple alkenses, addition HX, wa^er, 
halogens-J and hydrogen, Hydroboration. ' Animations of 
hydrogenation and bromine addition to double bonds 
simulated experiment on effects of cionceivtration' of j^^^ 
anions, on ^the reactions of . broiftonlum ions. ^ \ 

Alkene Review Problems (28 min) 
Stanley Smith 

The student is given a group of compounds and^ reagents 
. and must find interconversions between them by touching 
^ . the corresponding reactant, reagent and product. 

Alcohol Chemistry '(89 min) - ' 

Stanley Smith * \ . 

Common and lUPAC name6 of alcohols. Preparation by 
reduction of 'C=0,- hydration, hydroboration, hydrolysis 
of HX, and Grignard additions. Reactions: . oxidation, 
conversion to dehydration, salt and ether formation. 

Alcohol* Review Problems (29 min) ^ 
Stanley Smith 

The student must indicate interconversion between 
Compounds involving alcohol - carjDonyl' group oxidation- 
and reduction »and Grignard, addition reagtions>. ^ 

substitution and Elimination Reac?t;ions (43 min) 
^Stanley Smith ' 
Simulated^ experiments on the. ethanolysis of n-BuBr 
and t-BuBr. Animations of substitution and elimination 
* reactions, ' , . " c 

Problems on Substitution and Elimination Reactions <33 min) ' 
^y^.^.... Stanley Smith ' ' ■ ^ . ' ' 

The. student is asked ^tb indicate the starting materials, 
reagents and products for some' substitution and 
elimination reactions. 



Addition to Carbonyl ^Croups , (425^n) 
Stanley Smith ' ^ 

—-y- ,Simulated' experiment to determine mechanism of 

cyanohydrin formation. H^iacGtals, acetals, etc 
Experimental determinatioi^-of.pH rate profile for 
oxime formation. Phenylhydrazone and DNP ^formation 

Reactions of AJ^hydes and Ketpnes (55 min) 

Stanley Smith . ^ > * ./^ ' 

Enoli^atidn, .H-D exchange, kinetics of bromina^ic^ft 
experimental comparison if /Reaction with Br 2 and I '2. 
Kinetics of - racemizatiori at carboh. Aldol condensation. 



2^^ . 



247 



Aldehyde and Ketone Practice -Protjlems (23 mihj 

Stanley Smith ' ' ^ ~ ' ^ , 

Practice problems in recognition of starting 
materials and products in the preparation and 
Reactions AofCarbonyl compounds. ■ 




Arene Che.mistry V58 min) 

Stanley Smi-fla ^ « - 

Mechanism of ^^lectrophilic substitution, 
.effects,"* 



Directive' 



nthesis (^39 min)i 



Multistep Aromatic 

Stanley Smith , « - / 

.Synthesis of mono and di-substitijJted aromatic' compounds - 
Multistep synthesis in which student supplies reagent 
and cofnputer draws structure of product, 

/Aromatic Synthesis Game > . / 

Stanley Smith t . - 

V Inter'terminal game in which one student makes up a * 
compound for the other player to try to synthesize. 

Drawing KeK;ule Structures of Arenes (60 min) ' / ' ^ 

Stanley Smith . ' : ^ 

Students indicate the positions of- the double'' bonds 
ip KeJculfe structures for 5 different arenes^ 

*• \ 
Carboxylic Acids (35 min) , * 

Stanley Smith . * ■ . ^ 

. Structure, nomenclature and acidity of carboxylic * acids « 

J - ' ■ ' ' > ' . ' ' 

Esters of Carboxylic Acids ('^S^in) / 

/ Stanley Smith " , . ; ' 

Preparation and Reactions of esters*_Simulated^ 



experiments to determine mechanism of ^aterification, 
labeled oxygen exchange, and hydrolysis i 



Derivatives of Carboxylic Acids (56 min) 
Stanley Smith ^""^ ' . . 

Preparation and reactions of .esters, acid chlorides, .^.v^ 
anhydriders .and; amides. ' . ^ 



• Review Problems on Carboxylic Aoids (25 min) ~ > 
' Stanley Smith ^ 

Review .problems on the interconversion^of acids, 
esters, amides, acid chlorides and* amides. 

Introduction to Multistep Aliphatic Synthesis (35 mih) 
>Stanley Smith 

Outlines some approaches , tcj multistep synthesis using 
Grignard reactions. Stude'nt must prepare several 
^compourt(^^i5^ indicating reagents for S&h step with 
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the co*iputer drawing the structure of the product. 

Aliphatic Synthesis G^e (66*inin) , 
Stanleyv Smith and Ruth;Ghabay 

Two-student race involving fnultistep -aliphatic 
synthesis from rancibmly chosen starting materials. 
Uses Grign'ard reactions and simple ^alcohol - carbonyl 
jroup in tercon vers ions/ ' 



-•.^rouf 



Aliphatic Synthesis Game 

Stanley Smith and -Ruth Ghabay 
* Interterminal version of the synthesis game. 



8*6«3«3 Spectroscopy 



Introducti-on *to Nuclear Magnetic Resonance (29 min) , 
Stanley Smith , V 
NMR signals from protons.- Recognition of types of 
prdtpns in organic compounds. Chemical. shift and 
: ghemical* shifT^ scales. ' 

v% ' / . ^ . 

*NMR Spin-Bpin coupling (35 min) , " , 

, ' ' .'Stably SmitU ' ' v ^ ' 

N'Protofi spin-spin coupling and the n+\ rule. Allows 
the student to calculate AB and AB 2 spectra from J 
' and values of the chemical .;shift. " " 



Interpretation of J^MR spectra (102 min) 

' * Stanley Smith 

Identification of compounds from empirical formula 
and the proton NMR spectrum. Compounds show first 
order spin-spin coupling. 



Interpretation of NMR Spectra ( short version ) (52 min) 
Stanley Smith : . 

Same as the longwersion except has fewer problems 
and doesn't use microfiche to show real spectra. 

Infrared • Spectroscopy (70 min) . ^ 

Stanley Smith . 

Provides brief background ii^^ recognition of fractional 
groups and practice problems in identification* of 
alcohols, aldehydes, ketones, amines, acids, amides, 
nitriles, etc. * 



Infrared Spectroscopy - Short Version (51 min) 
Stanley ^ith .^^ ; ^ 

Brief introduction to IR 'and pru^ice problems on 
alcohols, amines, aldehydes, ketones and esters. 
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8.6,3.4 Carbohydrates and Amino Acids ' 



Carbohydrates, part ^ (22 min)* " . .y 

• ^ Harvey Myers 

Classification and nomenclature of monosaccharides. 

Carbohydrates, part 2 (37 min) 
Harvey Myers 

Structures of Monosaccharides, Haworth Projection 
formulas. Mutarotation. 




Carbohydrates, part 3 (42 min) 
/ Harvey Myers 
.Reactions of monosaccharides, Kiliani-Fisher synthesis, 
^uff degra^tion, osazohe formation, HIO 4 oxi'dations. 

Clucose Mut^otation (33 rtfin)- \ 
StaoJ^ Sirtitli ^ ' ^ . ^ 

Simulate laboratory separation of the eftiantiomeVs of 
9^c:b3e^^^»;p^measure;Ti^nt of optical activity and^ 
mwSrdtation . ^ 



ame^ of Natural- Amino Acids (^42 min) ^, • . 

Stanley Smith ^- 
ftoiri on the names and structures of natural amino acids .\^^ 



8.6.3.5 .Qualitative Organic Analysis 



Reactions use in Qualitative Analysis {52 min) 
Stanley Smith 

Review of some classification .tests. "Practice ■ 
problems in interpretation of test results. 

Qualitative Organic Analysis (33 min) 

Stanley Smith . 
Specific test results ^are made available and ; 
the student must identify the compound from 
a list of possibilities.* 

Qualitative Organic Analysis (119 min) 
Stanley Smith 

Students identify unknown compounds by asking ^ 
questions about the results of laboratory experiments 
on the compound.- - . 



8.6.3,6 Advanced Topics 
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Mechanism of Semicarbazone Ponn^tion (80 min) 
Stanley Smith 

Advanced lesson on semicarbazone formation.' Requires 
that each student set up conditions, run, and 
calculate rate constants for various substituted 
benzaldehydes in both acid and. alkaline medixim, and 
than make appropriate rho sigma and pH rate profile 
plotfe and provide a mechanistic explanation of the 
data. ^ 



8. 60 3. 7 Organic Laboratory 



Melting Points and Mixed Melting Points (17 min) ^' 
Stanley Smith 

Effect of- purity on melting point, phase diagrams, 
use of mixed melting, points for identification. 

Crystallization* and Recrystallization (22 min) 
Stanley Smith ' . ^ 

/ Effect of temperature on solubility, purification 
^ by recrystallization, fractioiiai cry,stallizatp.on. 

.( ^ 

I 

Crystallization Experiment (27 min) 
Stanley Smith ' 

Simulated experiment on the purification of 
naphthalene by recrystallization. ■ ^ 

Introduction to Distillation (30 min) . 
. Stanley Smith 
Boiling points, phase diagrams, simple distillation, 
fractional distillation, . and azeotropes'. , ^ ^ 

Firactional Distillation ..Experiment (15 min) ^ ^ ' 

Stanley Smith 

' Simulation of the- fractional distillation of pentane 
and hexane. The student controls pot temperature 
and collects fractions., He must separate the mixture. 
After doing the ass igrjied problem the s^^dent can make 
up his own distillation problem and specify the 
boiling points of the components and the number of 
plate's in tTie column. 
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PLATO SYSTEM SOFTWARE 



-S.l INTRODUCTION . . /-^ ^ 



4 

The TUTOR language and other components of the PLATO system soft- \^ 
ware have been developed by a group of permanent staff members, aided by 
visiting staff and by part-time graduate, undergraduate, and high school 



students. SectioQ 9,. 7 lists the principal people- involved, with a brief 
indica^tion 6f each person/ s major area of concentration. This system 

software represents the highest state of the art for the creation and 

■ ' ■ 1 ' ^ ' ■ . ' . ' 

delivery" of computer-based educational materials . This report will 

attempt to give an overview of l^he features of the PLATO system soft- 

ware together with a description of /the environment and che processes in 

which and by which the present level of development was reached. Some 

indications will also be given of the areas of further development likely 



^r€o be pursued in the future. 



9-2 LANGUAGES FOR COMPUTER-BASED EDUCATION 



PLATO IV sysJ;ep software development began in earnest with the- delivery 

/ , 

of a CDC 6400 computer in September/ 1970. While some- basic design , work ' ha^* 
been done prior to this time, the main preparation for the new work was the 
extensive experience gained on the PLATO ill system- PLATO III used a CDC 1604 
computer to run 20 graphics terminals simultaneously (t/h^re were 70 terminals 
but only 20 ports)- PLATO III was unusual not only in using graphics'* terminals 



"^Forsome independent assessments, see the article by A. H. Hammond in Science 
176 , '1110 (19.72) and the talk by S, K, Lower, "Making C.A.I- Make a Difference 
in College Teaching," NATO Advanced Study Institute on Computers in Science 
Education, Louvain-la-neuve , Belgium, Jyly 1976. 

** t • .> , . 

. ' • ^64- ■ 




^^^-^^^-^^^2]^^^ all executing prggrains in central memory tc^avaid 
the delays inherent ^^inv most multi-:terminal systems which swap programs ' 
to disk or drum J Particularly af tee., the creation of the TUTOR- language * ■ 
in 1967, many teachers wrote^ PLATO III^ lessoiiV^ai^j^taught ' cl^ using 
these materials. ' From such operational use were gained extensive data on 
the memory size and the processing power required to support class use 7' 
as well as a wealth of less formal but equally important critiques and 
suggest ion^^ from teachers and students as to how the system should be 
improved. While PLATO III was a vitally useful testbed, its hardware 
^nd software architecture was not suitable for replication, whereas it 
was hoped that the design for PLATO IV would lead to a system capable of 
de-scale expansion. 

Both in the late sixties and now, there have been three major classes 
of programming languages or systems for preparing computer-based- edSucational 
materials. The first class includes sliandard languages such as FORTRAN or 
BASIC, sometimes augmented by a few sp'ecial onions for the purposes of "CAI" 
(computer-assisted instruction). It turns out in\practice that such lang- 
uages,, while eminen:^y suitable, for Scientific and administrative programming, 
arc lacking such a large number of crucial CAI support facilities as to make 
them quite difficult to use for CAI purposes . Moreover, almost all such 
general-purpose languages were originally designed for use with non-graphical 
line printrers and teletypes. While graphics packages have been grafted into 
some versions, there is reason to believe* that this leads to less satisfactory 
structures than can emerge from a language designed specifically for interactive 
graphics terminals. 

The second class includes specifically "CAI" languages, such as "cOimSE- 
WRITER and COPlf Most such languages were designed with a good unders'tanding 



2 

-See the, Lower paper of Reference 1 for a discussion of this point. 



' . 253 

L r . ■ 



Of the specifically "CAI"-oriented features missing from the generq^l- ' 

purpose languages/ but with' a lamentably restricted view of the breadth 

and complexity of inter<?sting educational interactions between teacher 

and student as mediated by a computer system. Such languages made it 

easy to program simple multiple-choice or short-ans>^er questions, but 

verY, difficult to create computationally-complex interactions, with rich 

interconnections of subroutines. Not only are such languages notoriously 

weak in calculationaL ability (though PLANIT' is an, exception in this area) 

but like the gene^^^T^jDurpose languages' they generally haX no graphics 

features (except for the now-defunct IBM 1500 version of COURSEWRITER) . 

The lack of graphics features stems from the availability of inexpensive 

non-graphics terminals plus the lack of recognition of the vital necessity 

of graphics in most teaching situations. 

The^^third class of mechanisms for creating materials are thosp systems 

such as the "General Logic" (pre-TUTOR on the PLATO III' system) and the 

present TICCIT system, in which teachers feed items into, a' database mani- . 

, pulator. For example, the system may ask the teacher: tq type a question, 

... ' . ^-^^ 

thg;! ask the teacher what is a correct answer and what are some wrong answers. 

The,se^ items are stored in a database and used to cdnstruct multiple-choice 
questions J^or the student. The big advantage of such systems is that a 
teacher can create large quantities of materials without learning a pro- 
gramming language, as long as the materials fit the formats built into the 
fjystem. 'The big disadvantage is that it is very difficult in such environ- 
ments to explore qualitatively new kinds of ' interactions . Depending on the 
sophistication of the system, even minor departures from the standard pre- 
sentations may b3 impossible to achieve. ^ On the other hand, as more and more 



ERIC . > <i6o 



flexibility and options are added to such a system, it is. often the' case that 
the system ceases to be easy to use. It can even be more difficult to use 
than 'a true programming language, while a true language offers far more flexi- 
bility in the long run. Moreover^ ^if a true language is available users will 
^e able to create their own format-oriented systemg if they so desire, whe;reas 
the existence of a' formatroriented system doe^ not permit the creation by users 
of a true language; the situations are not symmetrical.- ' ' ♦ ^ 

TUTOR on the PLATO HI and PD^TO IV systems does not fall intcJ any of 
these three classifications. TV^O^ has the cbmjDutational capabilities of 
other general-purpose languages, far more powerful^ response ^handjing than 

. "CAI^languages, and is 'speqj.f i'cally designed for ioterattive graphical-^* 

■ \ > . .■ 

display terminals. It, of course, also permits , the creation' of format- 
oriented lessqn construction subsystems, and there exist- a number of rather' 
elaborate machines of tjiis kind implemented through . TUTOR. Substantial por- 
tions of the system software itself are written in TUTOR, includi^ng editfors 
sign-m procedures, 6isk management routines, etc. " \ 

Most computer languages are designed to be^ihdependenfek:>f t|5.e;(^Jiardware'"^ 
environment. TU^R^^on the oth^r hand'^was conceivdd and implemented not as " 
a self-standing entity but as one component of an integrated PLATO system , 
and the nature of the terminal, the cominunicati^s network, ^nd" the comjiriiter 
architecture (especially the unusual computer memory hierarchy) all influence 
the structure of the language in many explicit and implicit ^aysf.^ This some- 
wliat unorthodox approach has the advantage of permitting tigers fully to exploit 
the available resources. .Moreover, the fact that the TUTOR l^gpage-is en- 
twined with the PLATO operating system means that ^ TUTOR lessons hav^ ready ' ^ 



For a description of th^ PLATO hardware and 'software environment, see B.- Sher-. 
wood and J. Stifle, "The PLAT(b; IV Commu'nication^ S^^em," Computer-based Tildu- 
cation Research Laboratory, Urbana, Illinois, 1975^ 
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access to such administrative details as the sign-on' name of the person who 

( 

is executing the lesson. Where most time-sharing systems support many dif- 
ferent languages, TUTOR is the only interactive -language available on the 
PLATO system,^ (Many users have written small-scale languages in XUTOR, such 
as subsets of BASIC, FORTRAN, and PL/I for short student jobs, and a few 
users have access to batch processing in standard languages, - TUTOR is, how- 
ever, thei, only system-supported inrteragtdve language,) Thi-s h^s led to ^n 
expansion of TUTOR features to provide for many different kinds of pro^rammihg 
needs, needs which "would normally be met by m^y separate languages. Support- 
ing only one language has also made it possible to provide much better on-line 
documentation and consulting aids than would otherwise have' been possi^e. All 
of theae aspects of TUTOR distinguish it from most other computer languages. 

9^3 ^SOFTWARE FEATURES^ AVAILABLE TO PLATO AUTHORS ' JK^ ^- ' - 

It is useful to list some' of the more unusual software features avail- 
^le to PLATO authors. In soT^e cases more powerful implementations of indivi- 
dual features exist in "^othor systems (for example, three-dimensional rotations 
in sophisticated computed graphics systems or syntactical sentence analysis 
in artificial intelligence projects), butv PLATO and TUTOR attempt to provide ^ 
adequate " support in many areas in orddr to ^^^^ together all the essentiai* 
' ^cont^nent3 of computer-mediat^ed interaction. While some of the following- 
jTacilities are unique* to PLATO, it is perhaps more significant a^id. more un- 
usual thAt^^^rtiese 'f acilitie^^^ve beea. integrated into a useful whole, " . - 

> (1) Graphics Ht the basic level. The structnrev o$-^the language 
and the specific graphics commands &e basic to TkjTOR, not 
grafted onto a text-p'rient^d language. The) features *^include 
?^reiative and scaled graphics ^s-^well as graph;ics in absolute I 
screen /coordinates, / / . ^ 




(2) Single-key interaction!^ "This property, which -is shared 
among the/ communications hardware, the, computer memory 
architecture, and the TUTOR" language ,*fiiiakes it easy^o 
. • - handle individual input keys with a Response time of one- 
eighth second. This makes possible greatly, height-^ed 
interaction in comparison with the more typical "end-of- •< 
line" processing of standard time-sharing systems. / 

• . . • ■ ■ " 

•■(3) interactive display -creatipn. This is a property of the 

• language and 'of the'souxee cod^>editor which makes it eaky 
.for authors to place text and dr&wings directly on the- 
^ ^ screen and receive an' autongtically generated sourc^lang- 
V "age TUTOR program corresponding -to that display. TTits 

.automatic programming feature makes .display creation- far 
more accessible th^n it would be if it were available solely 
in the language itself; f 

(4) Area graphics. On PLATO^II? authors could create individual 
characters or whole alphabet? in order to escape the common 
restriction to the standard.- alphabet . On PLATO IV ^'thispcapa- 
bilifty is further exploited to provide a range of graphics 
capabilities rather different "from line drawings. Authors 
. have convenient tools for creating sets of 8xl& dot-matrix 
characters' which can be combined to form -still -and moving 
pictures of ^ects. This yields a much more compact repre- 
sentation for^any purposes tffen do line drawings. Correspond- 
. • ing to the original purpose of area graphics,^ there are jiow 

available many. foreign-language alphabets and "tools, for using 
/ them, including lef twarji^going alphabets such as Persian.' 

(5). Concept judging . An unusual f&cility for handlinoiatural- 
language dialogs is provided by the aSll^^y to cfe^^Ine a voca- 
bulary of/ thousands of words- and to lis> hundreds of sentence 
"concepts" involving these words.- The ability to specify syn- 
6fiyms m the vocabulary permits a single concept to represent 
a, large number of^ , student inputs. Furthe^ author control is 
possible- by as3ociat:^ng numerical parameters' with vocabulary 
iterns. Authors 'can also specify many options to control the 
2U^<^rxg machinery itself. TJie judging process makes novel use 
of the data structure of the stored (author-supplied) datd 
and properties of the computer architecture (properties pf 
individual, computer instructions-- and the memory .hier'archy) , 
J . m.aking it possible to respond^ 4.r> a fraction of a' second to 
y • rather complex inputs. An additional unusual' "feature of the 
sentence- judging algorithms is th^ detailld\eedbacK; provided 
_ to the- studei^t, -s.howiTng which words are -nAsspelled, incorrect, 
etc.. . ■ . , - . J 

(6) Spelling. There is- a spelLing. algorithm which operates on 'a 
unique ^obal basis and -avaids detailed'character-string pro- 
^^essmg.i (-This algor ithm caTi distinguish'between a misspelling ' 

I ' 7^ ^ ■ ■.. - ,-'v''' - *■ - ■ 0 

Ten&zat W. M. Golden, , "Spelling' Word, ,aW Concept Recognition, V • 
Computcr-basM- Education/ Research Laboratory, 'urbana, Illinois, 1972: ' 
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and a true jvord difference in a few microseconds. The 
extreme quantitative speed of this algorithm yields a 
qualitative differenc*e in the ways misspelling can be 
handled- ' 



(7) Normal mathematical notation. The form of TUTOR cal- 
culational statements . is essentially that of standard ' / 
mathematics rather than that of computer, ^Languages- 
Implicit multiplication (omission of thef multiplication 
sign) is penqi^tted wherever it is unambiguous- ^Exponentia- 
tion is shown with superscripted powers jwhich is. possible 

; because of the graphics features of the terminal-) - Addi- 
.tional uncommon TUTOR c^iculational facilities include bit- / 
and byte-manipulations, whole-matrix operations,' and the 
ability^ to use an arbitrarily-complicated ca'lcula'tional 
expression anywhere* in the language that a simple integer 
.could appear- 9' ^ - 

(8) Algebraic judging- Drawing; upon the fact that expres,sions 
are written in standard mathematical form, . additiojial facili- 
ties make it easy to judge both algebraic correctness and 
the detailed form of a student 's -algebraic resppnse- Also, 

/a unique feature handles scientm^fic units on a true dimen- 
( sional basis- Student character strings can beV complied and 

repeatedly e^cecut^d by a TUTOR command, v/hich g;Lyes authors 
' access at execution time to the TUTOR expression compiler - 

(9) Text-substitution tables- A table can be defined which con- 
verts, keypress by keypress, what ^is typed by the student into 
other text- This facilitates dynamically changing' the . keyset 
layout- , - \ ~ 




do). Coiryhanications. facilities- " A rich array of communications toola/ . 
* provides rapid information transfer cunong the many. user||. Thefe . 
are public and special-interest forums, on-line consulting *ser-' 
vices .(in which the consultant can look at the. author's screen 
remotely), on-line* typing interaction (the two .us'ers type me,s- ' 
sages to each' ot^ier at the bottom of their scr^^hs) , and, per-^ 
S9nal notes (sent- electronically from one user to another, by 
name)-- Among th^ many imjiortant administrative .use"^ of the .. 
facilities is^ the continual flow of , detailed suggestions from j 
the large use'r community to the system software staff- ^ 

(11) Tools for running classes-^ Users can use TUTOR not' only to 'wycite 
lessons but also wr-ite progirams for managing student progress 
through., a ^urrj-c^lum of many lessons and for producing reports 
on student progress- One important tool- is. the' "router*^ lesson 
through .wljich a ^tudent passes upop ^gn~in and which can make . 
algprithnjic decisions on where to send the student or what choices 
t^ provi^de .the student- A particular router of general" utility 
is supported by the sys.te'ip staff, and many users also have written ; 
special-purpose routers-. , • ' r .. 
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(12) Attaching other devices. A property of the terminal , th)e 
communications hardware, and the TUTOR language is the re- 

• lative ease with which additional input* and output devices 
can be attached and manipulated. Theses devices have included 
touch panels, microfiche projectors, audic5* response units,- 
•typewriters, and laboratory equipment. ' 

(13) Rapid compilation. The structure of the language, the disk 
system, and the computer memory hierarchy combine to make it . 
easy for authors to compile, t^st, and revise a lesson. It 
normally takes only a few seconds to move from editing source 
code to executing the program, and transitions, from editing 

to executing and back again are done with a simple keyprefes. > 
The speed and ease .of these operations is key element in 
helpiijg authors quickly find solutions to programii[iihg tasks." 

' ' . . ■ c . ' ' ■ 

• A, few PLATO* users, including thev software staff, are pe2n:nitted to 

• » ' * • , '■ ' , ■ ■ 

run iDatch programs using any/ 6f the facilit;ies Available under the'standard 
Control Data iJ^. operating" system, including ass^nilers, compilers, loaders, 
and other utility packages. Such programs fun at a^ lower priority tlian 
\ TUTOR and ^^il|^p^^^antage of the ; fact <that in a very large system the left- 
over processing momentairilf^ available, due to statistical fluctuations in the 
load, can add up to a significant resource. This is an additional advantage 
of larg^ sVst'fems over small ones. Access i to these batch-procfessing facilities 



^^is^^portvQiliently made through standard PLATO tennirials: ISIot all the acsxDunting 
. and s^eduling machinery is yet in place to offer batch processing to all users 

■:' ' ' . ' : ' ■■. ■ . ' ^ ■ 

It sh6uld, however, be^mentioned in this connection that majo:^ users' can run 
batch jobs written in TUTOR* on a timed basis. A typical use . of this facility 
* is to do daily automatic sorting of ^student^associated data in targe' courses, 

9, 4. CjEEPE'R ^^FT^VARE STRUCTURES ' « * * ^ *^ ^ 

' \ ' * ^ ■ ' ' ^ \ 

* While 'th^ above list, of features ^includes many of the most' important 

■ .. ■ ' - ■ f 

and^bst distinctive software aspebts. of PliATO, there are a number of other, 

■ ■ • / ' V . / ^ ' ' . ■ • 

deeper soft\/^re, structures less obvious to fhe aaser" but: equally important in 

■ ■■ ) ■ ' . - * ■ ■ .■ - .* ■ ' 

providing quality . service . , • . /'^'^ ^' ' 



; ■ ^ ♦ 
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. U) Electronic progr^ swap'ping. , The use CDC*s Extended Core ^ 
^^torage (ECS) for program swapping instead .of disk or drum 
^nas major qualitative and quantitative impacts on all aspects 
of the PLATO system. It makes it possibly to handle hundreds 
J/of graphics terminals with^ fractional-second response times- . 
/ It makes single-key 'interaction feasible : every keypress is - . . 

treated as a complete job for the central processor, not by a ^ 
/ legs intelligent communications processor. The "unit" struc- 
ture Qf TUTOR co.upl.ed with the high transfer rate of ECS makes " 
possible a unit-by-unit 'swapping scheme that insults* automati- 
, cally in an invisible segmentation or overlay'' structure for 
.large programs. The. rapid ECS transfer rate/is'also heavily . 
. exploited at the TUJ^OR" language level and elsewhere -in the ' 

system software in prder^p handle various kinds of transfer .and 

■ sorting tasks. 

■ t ,, • , 

/ ^ > . 

(2) The "formatter"* subsystem. The formatter con ver:ts generalized 
terminal output data into optimized data streams for the parti- 
cular kind of terminal and the present fetate of ^tJie terminal . -^^ r 
It. also maintains smooth uninteri^ipted aatput to the terminal-sV^"^ 
which among other .things makes posscj-ble sfeooth-f lowd animated 

^drawings. It cooperates with error-detection machinery in the' > 
^terminal to correct .transmission errors when they occur. 

. ■ - . \. ■ ^ - "V 

(3) The disk subsystem. , Disk file structures ^re simple, and file 
pointers- are held in ECS, thus 'eliminating one level of di^k 
accessing. >The perf oinnanqe ^nd reliability of the^ disk subA 
si^stem permit hundreds .6f authors simultaneously tp perfoirm 
editing and other disk activities with^njft'arly zeroTT^bss of stored 
(flatia, all^of. which aire kept on-line at all'^ tiises. ^ 

. JJ^^,^ I have ^een de<?'e- 

Ipppd^'Wh^ completely"'^ new versions of the TUTCR software 

to be brought|^p in^a few minutes, ^This makes . it? possible to 
maK'e r^piid'^^^fe^iut^i^nary phan^es in the system softw^te*. Normally, 
a tested pjg^^uc^^n version is run d^in<;r the dayi 'and an experi- 
mental versiBn is run after 10:00 p.m. every night- ^ . 

Source conversions! Usually changes to the TJJ'jOR language have 
been additioi^fe to exds;ting capabilities. Sometimes vuhoWevery^if 
\ garadu^lly becomes clear -to tlie users and to the system software 

staff 'that some existing ''TUTO Ft syntax structure is poor and could 
. , <be greaLtl3^,^ra^ro^ Since all source ^^iles are kept on-line at 
V . alj tlWs',;^4^?^ys^^p^ to, process' existing TUTOR files with 

a program (wi^tferv^ in TUTOR) to convert f rpm ,the old format to the 
new. This has' been done^many times and has, contributed to keeping 
TUTOR^a living language Aa'ther than a dead one. Of course, when* 
conversions-^ are perfbrmedXthe on-line dQscription -of th^ language 
' is also changed. An attempt has .been made to avoid ptftting too . 

much detail into written ^descriptions* of the language, >in dr^er to. 
' , preserve this capability to ghang'e the form of the language., 
'" ,■ » ' * " 
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We have outlined where, we started, an<U^y listing some of the major 

' : . ■ " - 

. gfoagaicteristics of the PLATO system dt pa^sfent, where we are. In the next 
secticpn we will attempt to identify what factors ^Ij^f luence most stirongly " " . 
the past .and future directions of the system software development. 

9.5 THE P'RIVING FORCES FOR SYSTEM SOt^TWA RE DEVELOPMENT ' ' ' ■ 

~" " ~~- • , i' : . ■ ' 

The^ single most . important driving force behind PLATO system software ' 

development has been the recognition of the subtlety and complexityj.of educa- * 

. tion. On4 immediate corollary is ^He insistence on using -terminals with ade^* / 

quate communications facilities, including graphics capabilities in particular! 

Problems'and opportunities associated with .the graphic^ featured of the'PLATO -IV 

' • ■ / ■ . , ■ * . 

terminal have taken a goodly^. shar^ of the/efforts of all staff members. While 

often not tifto^ht of as graphics elements, even text operations have involved 

a '-igreat dqal of work of an essentially graphics-oriented natore^ in ord^r to 

handle multiple alphabets, subscripts, superscripts, erasure problems and. ev^en. , 

leftward alphabets. There has been- a lengthy evolut^n in the TUTOR graphys^ - 

cpmmands. For example, ,as recently 'as the summer ofN^976, a major conversion 

was performed to rationalize the three major sets of grapl^4^cs coihmands (abso- ' 

- ' ^ ■ ^ . ^ ' . ' . 
lute., relative, and scaled). - 

The r.equirement of complex interaction with-'* fractional second response, 

^ ' ' ' ' ' ' - : ^< ^ _ ,■ ^ \ 

a requirement impqseci by human A^eds, means that a short but intense -b^urst of * 

■* ■ ' 

complicated processing mus^ be performed for each us'er Input, This requires 

a processor with high speed and with larg^e amounts 6f useful memory. Twhil^.' 

a quality irlteractibn with just one user requires highly sophisticated com^ ^ rj 

' ' . ^. ■ , ■ :. - ■4- ^ 

puter resources , it is economically necessary -to share sych fe4ources among- 

' . . ^ > \ • ■ '-^ • V . . ■ . / ^ v . 

» . ' ' • • ^- • * • ' r- 

ma^ny. usfers /^with the computer working^ for other peopl^^ between inpufs made^by''-- 



the first us^r) . This requires high-speed transfer between the^execu- 

, • ■ ^ . , ^ 1$ 

tion memoi-y "and the swapping memofy,* which holds, all the (momentarily) 

• ■ ..• ^ ^ ■' {■ ' ■ . ' ' ■ . 

inactive programs. A' detailed investigation of all these factors led to j 

■ ■ •' " ^ ^ -.■>*.' 

^ ' ■ • > ' j . ' ' . ' 

the choice of the CDC 6400,. a Idi:ge-s6a4.e scientific 'comj^uter with ECS 

for the©4gctronic swapping.A^tnory ECS has. a transfer rate one hund^red v 

times higher tiftan disks or^ driims and an access time ..more tljan one thou- ^ 



sand cimes* better than disks or' drums. The^e unique properties in turn^. " 

have colored all aspects of the' PLATO system software,* , > . 

Another ma jgr ^inf*uence 'on' PLATO 's^^em software • has ►been., an a . 

certain sense, an ^vironraent of .sqajrci'^.- Attempting to run j^undreds^ 

of graphics termina-ls has meant that the "^average amount of processing per 

•i . ■ / " ■ -/ . - ■ ■ . - ^ < 

second pe:!;- terminal ^nd the amount%of memory p^ep terminal have * had ^o be 

■ uncomfortably ^small. ' Much staff time and effbrt is continuously expended 

on finding' ways around these Stringent limitatigrisi. *Pei^ha^s the most - i ^ , « 
/ dramatic and inwbv^tive example of, these efforts is represented ^bv the- 

spelling and conb^t- judging features- of TUTOR,. iTET-which the norma llyvyfery. 
. slow and lexpensive character-stringv processing of .most systems, tjas been 

replaced, by iffe chni que s- which work better yet work hundreds . of times- faster,-. 

A lessg^ramat'^^^example is thej^^multaneous sharing, of s^irigie ^copies 6f.^ ; . 

lesson's in ECS ^by many s.tudents. Another very scarce resource tl^as beerirthe 

■ ' - -.■ ( , r • ^ ' 

transferi rate to databases' on disks. Because it. was feared that disk t*ai\s£ 
\ rat^s might be the limiting 'factor- dete.rmining the number of terminahls whrch 
could be handled, gre^t efforts were ijiade- to hold down- the nee^-fo.r ,makiag dj 



, accessed ' with improved disk eqi^id^ment ajid improved -disk software.it has be- 
come possible to lobjsen these restrictions. ' * , . ^ . ■ 



Availability to the system staff of a larcfe/ dedicated computer ^ 
system has had^ a profound impact on what could be developed and at what 
ratp. The capability to prepare and test 'daily new versions of the system 



software has. been of inestimabl(^ valiAe-. It may seem < wasteful- of expensive 
resources to allow a group to "play" in this way. Shoultin't the software 

• be carefully deigned, implemented, and then al tereci^only in ^i^inor* wayg 

• tlieroctf ter?' The difficulty is th'at. education is an extremely complex ' 
human endea^r, and no person or group can design in advance an adequate 
software 'system supports ediScation, . uplike the case wi^h more narrow en- 
.deavors, such "as administrative or scientific computing. An .adequate system 
cag^orU-V' evolve continuously" in actual use, which requires the facilities 

'to make rapid changes in rospQnse to discovered needs of the users. ' . 

As'^de from .the essentially * technical influences discussed above, the 

' ■■■^ • • ' . ■ • : 

biggest impapt on the PLATO system software development comes from the larfee 

user community.. The large sizo of that community^ in direct, in^tantane^s 

' ■* *^ ' . • ' ■ 

contact with , tjio detf'elofActs (through pn-line forums apd ^ per'sonal notes as well 

' ♦ r •.. 

as through personal contacts ) , is'in itself an. unusual factor. ' Simultaneous 

. '• ■ . • . " . ■ j r ■ - • . . ■ ..• - • 

pressures* from the French pi:ofessor who rfeeds ' improved j\i.dging of French , 

syni^ax, f rojn 'the teacher of veterinary medicine who ha^ a -good suggestion on ' 

how to simplify^the use of a touch, panel, and from, the chemist 'wftp "needi a. 

bette^T ^wa^ t^o ntartage PLATO classes involving . hundreds of sthdents .^a^ drive/ 

' ' ■ ' \ ' ' ' . ■ ■ <" . • V- ' ^" ■ ' ■ , 
the development. ^ Traditionally, requests for system modif icatichis filter^. 

•thrcnjgh^ variou^ iay^Ts;-or"aseT"^^^^ to" 'ari"isolate'(!*'"s^^^ 

In the PLATO caseTAhowever, one system is itself large enough \o provide' a 

critical mass cjf electronically immediate input. The large number of • "el^~ 

tronically-loc4i" (though erlat^onally distributed) users' both insGres the."/"' ,. 



breadth ^necessary to identify common probllems and provides software staff 
with the' important . psycholocyical gratif ij^^;^^lSj of seeing their work needed 
and used. This latte^ point may/ in f act\ beKquLte important: many 

■ ■.. 'V>"/ ' • 

desirable PLATO tools might not have . been built on a. smaller system, where 
widc^spread use .,woul(i not have* been app^treiit . " ' . ' . ... 

A particularly imix)rtant segment of the user community .is formed b^^ 

\ . 

the .system software staff itselK .-In the development of far too many systems 

^omput(jr systems and others as well), t]ie developers have not themselves 
been users. The PLATO ^sof twartT^s^taff^^^*^^ use PLATO and TUTOR constantly 

in their daily^.work, both ^r creating system software and for. controlling 
and monitoring system ^operations . This forces the staff members to pay close 
attention to the ne<sids of a^l^ users, themselves included* Not only is much 



'of the system software writ^n in TUTOR^ l^ut all of the file editing i^. done 
with the same te:^/e^itor used'by all users,* files are maintained undd^ stan- 
dard TUTOR formats, standard PLAtO terminals ate used, .Inadequacy of the 
text editor or doss, of ^^^^^^^^^ -° ^^^^ subsystem malfunction would affect 

staff members-as mucl^as ' it would affect other users. When it became apparent 

C ' " ' • * . ' . . ' . 

that additional sear'ch features wer^ required for editing system software 

> * . ■ " ■ 

fires, these features were provided to aH users. In general,, an attempt is 



^1 



made 'to. have as f ew'^privileged" options possible to insure that staff 
^members remain in cfflife contact with the real problems of users., . 

Now that many of the faciiijties required fcr instruction and the manage- 
ment of . instruction ^re in Vplace., it appears as something, of' a surprise that ' 
PLATO can be and Is being used 'for many other purj^^es. One way of looking 
at this situation is to say-, that providing interactive education by computer 
is one'of th^ most difficult of -all qpmputer ;ptogramming tasks, -Once adequate 
tools -are kv^lable for. this difficult an^i subtle kind, of interaction, the sys- 
tem'^h. as/ reached a l^val of such spp^Ls^cat ion tr];^t other, flon-instructional ' 



interactive computing tasks become easy. Evolutionary user pressure' is 
incrreasingly exerted in the diredtion of improved database-manipulation 
tools\ additional forms pf coijimunications, better adminis;trative and 
clerical "word-processing facilities, etc. It appears that reacting 

T- ■ . . 

to these new desires will form of\e major theme of future system software 

\ ■ . . i * ■ ■ , 

,work. / . .> 

9.6 'THE FUTURE - , ^ ' ./) 

In addi'tion tQ user pressure for improved non-instructional faci- 
■ ■ ^ 

■ lities, there are a few other major development activities which can be 

foreseen today. One of these areas consists of efforts to exploit the 

novel capabilities of a new generation of "PLATO V" terminals- It is 

• intended to add seve^l hundred of these micro-processor-based terminals 
to the Urbana systems- Because there is a loadable porogram memory in X,he 
terminal, the possibilities for exploitincj? the terminal are quite open- 
ended. It is already a;^Jcirent that certain kinds of display generation 

" c^in be performed mo^j liapidly at .the terminal, but what other tasks it ' ' 

can appropriately perform are not at all clear, nor is it .clear precisely 
y , - ■ ■ ■ ' . , 

what impact these terminals will have on- the central computer software.. '\ 
While thb-t.erminal will certainly free the central - computer from many*' 



routine tasks, it is likely that processing overall will 'rise in the " 
central computer in order .lo exploit fully the new capabilities of the 
much more powerful t^Qerminals'. • ' ' 

Another future and current development theme is that of networks — 
ty^in<i.j many i^LATO^ systems together much as loc:al' telephone exchanges are 

'".'■/ \-' i^. • ' • s ' ' ' ' ' ' 

tied toge|t:h'er'. There i^:^- already* a line between the Ur^na" PLATO system 



and; CDC's Minnesota PLATa system. . Over this, line ' flow cuirriculum materials, 
programs, notes*, etc. Much remains to be done to improve- this facility and 
• to connect: all PLATO systems together. ^This link hctp already proved to be 
invaluable in unifying the various user and development communities. A iTS- 
lated area of Work has led to embedding PLATO software in the standard CDC • 



NOS -operating system, to simplify/the distribution of new versions of the 
PLATO- software to all /PLATO systenis. There will be continuing efforts to 



ensure that all PLATO' systems will be compatible and have' the, latest, version 

^ y : " - ' ^ ^ . ■ ' ' . . — 

of the software atr^^all- times. ' . 

; • - . ^ ■« 

It appearsHhat future Pi;,ATO Systems will use larger numbers o:^ in- 
cr'easingly less expensive processing units, sharing memoi^ for conjmon data. 
It "is already the case th^at the Urbana system has . two giainframes , ^ach "with 
two ^entj<^al processing units, sharing ECS thr©-ugK which communications be- " ' 
tween the mainframes flP^j^ The four ^central processing units share'^ tasks , 
in rather ^straightforward ways at present. Future developments aire intended 

to lead to greater flexitjility in such task-sharing. 

1 ' ■ ' . 



9.7 SYSTEM SOFTWARE S'fAFF 



266 ' 



J 



.This IS a list' of people who have contributed directly to PLATO IV 
system software development. An^atteInpt has been made to give a irief ^ 
^description of the area of emphasis for each person, although in nvhny 
cases the person may have >een involved in one way or another in many 
aspects, of the system software. 



V 



Paul; Tenczar, Head of the System Software Group . ^> 

Inv.ention of the* TUTOR l^ngua^^^all areas-; intei^action 
- speef3;, sentence judging and s^^^lng^'uhit-svfafjping 
structure;, mipro tables; foreign-language vers ions; 

Dav^d Andersen . ■ . * . ^ . 

All areas; ECS management; character sets; calculation 
definitions/ ftinctions^ byte manipulation^; graphics'; 
accounting; student data; multi-mainframe software. 

Bruce ^ Sherwood ' - . 
* - Kll areas ;^ Calculator! con^iler; algebraic and dimen-.. 
sional-units judgin^^; ^:gi?aphics. . ' 

*^ Richard Blomme ' ' , " 

All areas; disk subsystem; graphics; interactive display 
generation; databases; terminal input/output. 

C Donald Lee . ' * " ' 

\ Formatter; '.operating system; assemblers .V^, ' 

Miphael Walker ' * ' 



J^''- ^ Operating- system disk subsystem. 



Rofoert Rader . . . , . '^'^ 

Operational aspects; numerical display;^ dat^ta^e.s.^ 

Christopher Fugitt^ , ... ; * 

Operating system. ^ ^c^^ _ J \. 



"—E^ra-itS—Sh-rrer ■ - - — ^ ~ -.^ . • ■ . 

Scaled graphips; matrix operations. ' V/ 

. William Golden . ' , j . • 

• . , Spiling "algorithm; consulting in ma»y areag * . 

' ' ■ - - V ■ ■ 

Ruth Chabay • • " . - 

>f Class-management 'tool? ' UouEei:3, report generators'). 

- » ■ * /i . • ■ . ' >i • . ' ■ /■ • .. ^ • • 

Jam'^s Parry _ . " /, ' ' . " . < 

^ . ' ' Terming output; ^ graphics ; extar^al devices . 

ERIC . S/S 1 ^ ^ . 
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Masako Secrest 

. Operating system. « • "^j 

David Frankel ^ 

Text editor and related tools. 

Kim Mast ^ 
Personal notes (electronic mail),. 



Phil Mast r 

Galculational lang;il^e structures; printing 



^ Marshall Midden - ' - 

Text and. graphics^' editors; general maintenance, 

^. * ' • ■ ■ • ■ 

Lavnrence White i.. " " ' 

^ ^ Graphics; language conversions * 



David Wool ley , . 
".On-line forums. 

Doug Brown 

Printing of files. 

Brand Fortner 

^jj^jjae-drawn" cl:]^racter spts-- sorting routines. 

Sherwin Giboch. ^ . ^ ' \ ^ 

Search routines.' ° i> 




David Kopf ' ' * 

Early ECS management scheme . 

Allen Avner 

Student data- desi^rv; da1:akeeping* on system use. 

._____ _______ ^ ^ ^; v * 

" File seaK|c!i6$; VerrdP^ diagnostics. 
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Trends in Data ftoin^'tMe . Elementary Reading Pro je 



Robert YeagT^r * 



•This pape^r- IS an informal analysis of data coll^cted^ by the t>LATO 
Elementary Reading Curricu^m ^ojedtcr\(PERC) ^as .'of February, 1976; formal ^ 
analysis of the data will be' complieted a la^er date. ;Tlfis ; in-formal .. \. 

afialysis as presented %o indicate/the currents trends- that '^are- developing, 
and to show the types of questions „'P'EkC can hSpe- to ^i^^er, . , . '.1 ' V 




1) General Infonnatioh 'r . 

■ . - ■ , - '■ : "• ■ • ■ 

' A% of early February, PERC was' running about 3O0 students per ^ay 
from -25 'classrooms, A total of .78^3 *st:udentsrhave taken^ PERC ^acti- 
vities so far l^ris .year; oea'ih. studerjt has-been on -the. systiem an 
■. average^,'p^f~' 6.*'2^ hours, . arid'' "an av6rag'^^ 27 .'days 



A- total of 88,925 activities tiad been executed as'of 02/04/76; each - 
activity lasted an average of 2 minutes and .4* seconds - . ^ v - > * 

^ ■ , " • ■ .., ■ " - ■ " ■ ^ y. 

2) S'tudents Succeed in ?ERC Activities • o ^ 

One o^f PERC* Svprdmar'y ggals* has been to produce instruction in^hi'ch - 
the student oould experience .success/ While not attempting to Vpro- " 
..d\4ce "errorless learning", PERC. has; tried :lto minimi zewStuden^^ 
- at the terminal. Data suggests that students^ are able, to perforin the . 
--f . . specified tasks in <nost Ifes Sons; ' that saine , data ha^ ^bjeen. used in'.tshe . 

past, ^and will- be used in the future, to improve activities'.in- whiph*. J/: 
studfents seem to encounter ^^roMems.. ... ~ " ^ / ' ,1 ^ 

a) ' at the. end of ^each activity a single value is set to indicate' ^; v,-^. 
hbW;^«jaJ^i,the st-iideht perforrfed in that 'actiXrity ; ^student^^ pe'rf pr^; \^ . • U 




Currently' distributed: 



Good— ^66% . ■ 'v; l^; . • ' 

Fair 13%. • " f , , , * y^.' - , 



■I • V . , . Poor — 2% 

* • . ' Bad Data—19% 



ERIC 
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A total of 54% of the "bad data" is accounted for by pne "strdnd- 
of activities which do not set this value? the rest of the "bad • 
data" probably comes' from students leaving, an activity before the 

activ^yjy is done - * ' • . 

* *, <■ ' 

Elxcluding the "bad data", student's success in PERG activities is dis- 
tributed: - , : \ 

-« 

Good TT 81% I * . 

'Fair- 16% 

Poor — 3% V . ^ ' . 

1* ' .1 - 

b) All counters used in making decisions about how we il a student 
performed in an activity are being saved; these typically indicate - 
the number of items a student got right or wrong- ' These counters 
are collected in order to norm the crifeelria for the activity, and 

to point out activities in which students typically have troubles. - 

Currently, students normally get at least- 80% of the items in a 
le'sson correct (this includes only lessons', not tests) . 

In most activities, a student has to get at least 80% right in \ ^• 
order to be marked as having made a *^good" performance. The Vv- 
"success" value set at the end 'of each - activity (see -a- above) 
and the counters used in making that ^determination indicate that 
most students perform at an 80% level or^. better. 

That analysis of these counters can lead to better lesson material 
can be shown by looking at" an activity called "The Missing Letter" 
which teaches alphabetical^ order. In the 1974-75 school year, the 
error rat^ in 'that activity was over 40%; and the interaction re- 
quired only a binary choice i The lesson was redesigned, and* currently 
shows an error rate of only 10% •(N-1607 trials) . ' ^ 

While some activities are redesigned because of high error rates, 
others are totally scrapped and new formats are found. 

c) Student correction procedures within an activity appear to be 
successful in helping a student avoid the same error later on. 
About 50 activities report detailed information about how each 
student does on each item. PERC currently requires (in most lessons) 
that a child make the correct answer in each frame; that is, if he 
gets an item wrong, he is told that he is wrong, and he is expected 
to then enter the correct response. That itent is then brought back 
to the student later in the exercise according to several different 
schedules; for example, the item might be brought back on the second 
trial after* the wrong answer; or all items might be cycled once before 
incorrect items are brought back for review. 
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Informal analysis of the raw data suggests that st^udents' do 
perform well on subsequent exposures to an item that had pre- 
viously been missed. Research by Siegel and Misselt (with 
college students) shows that such correction procedures pro- 
mote lohg term retention. PERC would like to engage in simi- 
^iar stud ies with our first ^grade population, but our current 
management System inhibits the selfrting up pf specific experimental 
aesighs. However, the various review schedules being used in 
different lessons will be studied to see if they have significant 
effectk. on performance within a lesson. The correction procedures 
described b^re were not used in the 1974-75 curriculum. At that 
time PERC followed the principle (experimentally shown in the 
Stanford, Reading Project) that cprrection did not lead tO' better- 
Iretention? i.e., when there's a binary choice (as so many of the 
PERC activities involve) , thW child does not need to be forced 
jinto making the correcjb response after an error. Anecdotal and 
^observational data indicated that such a procedure contributed to 
that sense of a lack of purpose ^students exhibited in the 1974-75 
curriculum; at -that time some students were said to view PLATO as 
recreation only and there was ' some question as to whether they were 
^attending to the instruction. Reports such as those have been fewer 
this year ^nd have not directly involved any . activities in which the 
new correction procedure is employed. 

d) .Iri summer, 1975, one of PERC's teachers (Mrs. — ■ ) ran a summer 

course ,with incoming first graders; she used no' other instruction 
except PLATO; and she administered her own tests with flashcards. 
Het results showed that students improved in visual skills , letter- 
names, phonics, sight words, and concept words. 

The most improvement came in. concept words such as "up" and "down". 
She attributes the success to the PLATO lessons which give the stu- 
dent total sensory involvement in the task; for example, the students 
use the words "up" and "down" to manipulate something on the screen. 

PERC Data is Becoming More Valid and More Reliable 

Just because students are succeeding in PERC activities does n6t 
necessarily mean that they are learning anything. PERC has had a 
continual problem in making automated decisions about whether a stu- 
dent knows a particular skill. Usually PERC has been guilty of a 
"false negative error": marking a student as not being able to per- 
form the given skill when in fact the student could do the skill; 
the other side of this, however, is that students generally can do 

skills which PERC data says they can. . . • 

•V 

PERC is not unique in having this problem. Venezsky has tried.. to- 
put paper and pencil tests on PLATO to do diagnostic testing/and 
reading in the primary grades. He too reports a "false negative 

; ' I- 

^90 




showing that students with paper and pencil tests ijenerally- 
pgfformed better than students taking tests on PLATO- However,, by 
redesigning the PLATO test he was able to attain approximately equal 
results, , ' , 

^' ■ \' ' ' " 

a)* Student performance data for use by teachers seems to be much 
improved this year. -A rather constant complaint during the 1974-75 
school year was that the data^ reported to teachers- about individual 
students was very inacciurate-ralmost always because the. data 3aid 
the child did not know something the teacher knew he did know. 

Performance data was drastically redesigned fox this year; and 
the decision points where that performance d^ft^ was marked were 
"externalized"; in the past, decisions about the student's per- 
formance were made "on the fly" in the midst, of an activity; a 
single activity might have referred to the performance data base 
in many different places . All of those decisions were collected 
so that decisions are now made in one place, at the end of an acti- 
vity; this was allowed for better inspection of the decision logic 
and consequent standardization' of that logic.'. 

The overall results liave been that the^"^d^a reporting routines are ^ 
more understandable to teachers. There ha^ been very few com- 
plaints this year about the r^eliability of tKe current data; and - 
when teacherfe are asked about the performance Watai, they have gen- 
erally^ indicat'^d that PERC data was fairly clo oe - i ^ ' their own evalua- 
tions. While no ^ount hasjbeert kept on how often teachers refer to 
that data, many .teachers have been observed as being in the perfor-\ 
mance data file throughout the year"7%inaily > many teachers have •re- 
quested hard copy prints of this data which they lilce to give to 
parents along witl7 the student Vs report cards. 

b) A formal attempt to validate a, couple of the tests used in the 
phonics and sight word strands has been in progress this year. In 
this design, students take a PLATO test and their scores are stored, 
away; shortly afterwards, a PEKC staff member administers a paper 
test prepared by ETS on* the same material and enters those scores- 
^nto the computer where they can be compared with the PLATO scores. 

Data for the sight word test is not yet available;, but preliminciry 
^ata from the phonics tests indicate that PERC still suffers from a 
H^als'e negative error"; ^if PLATO marks a student as knowing a given 
grapheme/phoneme correspondence, the probability is very high .that ' 
the. student will pass a paper and jbepcil test; but j.f PLATO fails a 
student, the odds look almost even that the studenrt will get the 
paper and pencil items correct. Both sight word and phonics tests 
are relatively\^.new and have not been subjected to the revision that 
other tests- in the curriculum have undergone*; they fllow the pattern 
discerned earlier that newer materials return a "false negative error"' 
until they are nontied and revised. 
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c) Informal analysis of da:ta^froin individual activities indicate 
that the activities usually confirm observation reports. For ex^ 
ample, PERC has apparently failed for the third time to teach the 
students to press a given key (the -help- key) in order to hear an 
audio message again. Observers report that students pimply do npt 

do it unless they have been instructed by an adultV the . instructional 
materials designed to teach that function do not *work despite the 
fact they have been completely redesigned for 'this year- The data 
from the activities confirm those observations: while st:udent^ per- • 
form at the 80% level in the instructional sequence, they get. just 
over 50% right in the test (N=11646 trials) . The conclusion that 
has to be drawn is that the skills presented" in the . instruction are 
not su.f f iciently related to the task to be learjied: ^ 

Another example of how observations of student skills correlate with' 
data from individual activities coxites from the diagnostic test on 
letter names. Observers and teachers report that most students enter 
the PERC curriculum knowing letter names. Students receive a diag- 
nostic test early in the curriculum which presents an average of 12 
of the more difficult letter names; students currently are getting 
76% right on this tOsH: (N«11623 tirials)^. 

Observers also reporfc 'that our population of ' Students performs w.ell 
in simple visual skills; the initial diagnostic ,test on simple word 
detail skillS( shows students getting 88%' correct' (N= 3356 trials). 

d) Data from activities on visual diyscrimination of letter shapes 
has been kept as a confusion matrix. Generally, letters which re- 
search shows as presenting prpblems for early reading students appear 
to be the greatest pr<SM^m for PERC students, too/ For example, the 
greate&t diff iculties Tnvb^lve b, d, p, ^nd q; other difficulties show 
up between lett^S^s having the similiar slopes and orientations. 

e) As described above (2d), Mrs. . — ran a surarner class last year 

in which '.she used flashcards to test whether or not students were 
learning. Not only did she find that students did learn, but /she 
also made a rough correlation between her test data and PERC data. • 
She found that in most cases the- PERC data accurately reflected her 
findings; where there were errors, itwas almost always a case of 

PERC marking a skill as unknown wh%ql^ Mrs . found to be known; 

but such discrepancies were mostly >found in the newer, less revised, 
areas. 

Students Interact Well with Rich but Familiar Fo^Ptnats 

A major tenent of PERC has been the importance of good paradigmatic 
lessons. In its Qariy stagea, PERC focased most of its energy on 
trying to re^fine lesson designs so that students could easily interact 
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with them. A major problem has been making th^ ruled for how to 
interact with the lesson as simple as the skill being* taught; top 
of^en PERC has had to conclude that if a child coulcT figure out how 
to/ do the lesson, he probably did not need it! j} 

leref ore, in contrast to the Stanford project, pfeRC has developed 
^ large number of rich formats; yet there is a continuity. amongst 
tormats so that the differences between what a student has*^ to do in 
order to respond have been kept at a minimum. Thus, the student - 
interest level is kept high by the^ variety of formats, but his abi- 
lity to interact with each format is more assured. • 

a) For the first six , sight word tests, there is a correlation of 
-,91 between position in the curriculum and success in the test. - * 
Th^ as'sumptibn is made that all of the 24 words tested in those six 
test^^ are pf equal difficulty (an assumption which will have to be 
tested);* therefore, the significant variable that explains the close 
correlation is familiarity with^the format of the test. 

^ f 

b) In l!wo auditory discrimination tests, there is a marked improve- 
ment between ^the first test on i, p, n, and t (error rate= 27%; 

N = 5034 trials); and the second te6t on a, s, b, and 1 (error 
rate = 7%; N = 1887). One thing to note here is the smaller n in 
the second test; error rates are often held artificially low at first 
because only the faster student^ have encountered the activity; 

c) A sight word activity called "Make a Sentence" has proven ^o.be 
more difficult than initially anticipated; a couple of activities 
wi;il have to be designed to precede this activity. On the first use 
of "Make a Sentence", 73% of the students were unable to successfully 
interact with the activity (N= 166); yet, on the sfecond use of that 
activity with new^'^ight words, only 37% could not do it (N= 54). 

d) On 13 auditory discrimination^drills which all share the*sanTe for 
mat but differ as to visual reinforcement, the error rates range from 
31% (on the second u^e of the format) to 9% on the (12th use) * The 
correlation between^positioiv in the curriculum and success^ is -.55 
which is smaller *than,46ne reported above; but there are other vari- 
ables present in these activities such as the use of. visuals in pre- 
senting auditory items' (discussed below) ^ » . 

^ ' ' l ' ' . • 

Students ardSuccessfulVin Interacting with the Terminal. * 

■ Data in this-'are^ refers only to how well the students are able to ' 
perform'^ the interactions required of them; that is, whether they 
touch the screen when E^equested, type on the keyboard when asked, or 
answer within an allotted time period (usually 30 seconds). 



a) Students make an Acceptable (though riot necessarily a correct) 
response on their fir^t try 73% of the I time. There currently has been 

PERC has traditionally attended 



o attempt to establish a norm here. 



t^^the problem of making activities easy tp interact with. "^^Many 
activities have been- rewritten this year so that the int:er^ti6ns 
Would be more ^traight-fo^ardJ ' . * * ■ • i. • • ' 

Th^ data gathered he>^e can be us-ed to identify types of formats 
whichs^ove especially' -troublesome for stucJents- PERC has been 
gathe^sda^ thife type'of /»data foi: se'^ral yesH^; however, mucli mean- 
^ingless informatJLon was gathered in the pas t^ this ' yearV^ 5ata has 
been collected in a way that should faciiitatd a ir^ore formal analysils- 

.b)\ Students ;feippe'ar to remedrate tlieir own procedural errors- Ar^ 
old principle- PERC has foll^owedj-^as beSn to withhold r^knediation for^ 
procedur,al errors (e.g., toucl>ing an unrecognized ar^^ until it be- 
come obvious that the, student really needed f urther^irections- Fir 
unrecognized touches, PERC lessons wait- until the third such, touch - 
has occurr'ed before remediation is offered. Fiom a random seiinple of 
interaction (conductec^ from 1/26/76 through 2/li^/76) , at. leeist one 
unrecognized touch was entered in at i east 10% of the frames \n- 74472 
measured interactions). However, students went on .to touch an ac- 
cepted location* in 74% of those cases before a remediation message was 
needed; and 19% more of the Students made an acceptable touch as soon 
as they heard the remecBLal message. 

In 5% of the cases., students entered unaccepted key presses-'before 
they made an acceptable response; this statistic is especially in- 
teresting because such data is usually not | kept for activities whricji . 
require typing; therefore, most of this data cOmes 'from frames in 
which the student has been 'ask^d to touch the screen. 'Nevertheless, 
from the sample described above, 82% of the! students stoppec^^^typing 
ahd^ made an acceptable answer before the remediation messag 
triggered by a seventh key press; 10% mpije s^tudents respond 
remedial message, l^eaving another 8% who continue typing up to* as 



many 



as 60 total keys before being taken out of the activity. 




Xn the sampl^j^escribed abqye, only 2%^of the students waited until 
the time allSroed • expired; then 85% of those students responded to the 



first time <upr audio message. 



In s'ummary, it appears fhat students successfui^ly remediate themselves 
when they make procedu3;;al errors. However, som^e students do ne'ed addi 



tional^instructibns in order to enter an acceptable answer, 

• \ • . - \ 

c> Audio messages have been" abbreviated. A constant problem has been 
audi<y messages which were so long that the studei^ts stopped attending 
;to it; or messages which were long because they, contained conditional 
statements first graders could 'not follow. CurSrently, the aV'eragc 
audio message takes 2.64 second^; when all n^essages sh6r1?.er than 
seconds are excluded 4»s ingle words, letters , 'phonemes , etc.) the aver- 
age message length isi still only 3.81 seconds. ThW average activity 
calls for 18 audio messages which yield 49 seconds\of audio per acti- 
^vity. ' ' V • ' ^ •/ ^ ' \ 

<:94 ■ 
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PERC intends to correlate the amount of audio in an activity with, 
other factors which indicate student's success in tha activity.. 

L > 
d-) Carol Wardrop, an ETS coordinator, observed students bbhavior at 
.the terminal for her^master's thesis, .While the data she ac(|limu- , 
lated was taken from the end of the 1974-75 school year ,^ ther^ is 
a general consensus that there have been few changes in what sfie 
observed; there have been discussions about replicating the study* 
this year with a wider population- /' 

^^lefly, Ms. Wardrop used an observation checkoff form to quantify 
the types^of interaqtions occurring during PLATO instruction. Sh.e 
concluded that the upper two-thirds of the ^students (as ranked by 
their teacher) had few problems in interacting with PERC activities; 
but the lower thirci were more confused about what they were e;jcpec ted 
to do. '/ 

There is little doubt that there are still things in the PERC curri- 
culvim which will confuse that lower third of students despite th^ 
fact that PERC has constantly tried to serve those students especially 
Using the types of data described above, PERC can identify activities 
which fail, and further identify principles which can aid 'in better* 
lesson design. • 

Students' Succeed Better in Activities in Which an Audio ^Messa^e is 
Correlated with ""a Visual fiisjDlay. 



One of PLAJTO's strength is its ability to deliver multis^nsory ex-- 
periences. Kathy Lutz,. when- she was with PERC near its beginning, 
started 'som6 research to find how effective' visual displays were; 
she currently is pursuing tbat same line with Joseph Rigney at USC. 
They have conducted several experiments wh^i^h shows that students 
(at the college level) retain more when audio information is rein- 
forced by visual displays; moreover, they have formulated a the^or^ 
that birsensory , presentations are especially important in developing 
both analog and prepositional faculties in children. 

PERC has long tified to support itte instruction with visual displays, 
but has not always been able to afford the cost (in man-hours) of v 
producing the visuals. Consequently a series of 45 activities in 
the ' auditory . discrimination strand has grown up in which some acti-" 
vities use , audio alone wHile others are auginented with visual dis- 
plays; the activfties are otherwi^ identical in format. Preli- | 
minary data from those activities show that error rates in^ activities 
without visual reinforcement are higher than error rates ^or the mixed 
approach. 

Studen^ Choose to do PERC Activities 

a) At the 'end of most PERC activities, students are asked whether 
they would like- to see that lesson again; they respond by touching 
the words "yes" or "no" on jSrie screen. 'In the 1974-75 curriculum, - 




it was found that student^ qhose^ tb repeat an activity just over 20% 
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of the time. In thTe 1975-76 curriculiun, students have again 'chosen 
to s^repeat an activity on an average of 20% (N= 88925 activities). , 
The range of^ repeat ratios just among strands runs;' from 5% to 37%; 
^nd it is likely that the range among activiti^es is much grjBat?er. 

PERC is most interested in using this data to demonstrate that stu- 
dents do exercise some meanir\gful control over their instruction! 
and to determine formats which students seem to enjoy the most 
.order to facilitate better lesson design. But this data may have 
other uses too. For example, several people (PERC staff and teachers) 
might rank PERC activities according to richness of the interaction; 
then correlations could be run to see how the richness of the acti- 
vity affects' the repeat ratio". Or, studying which students like to 
repeat which types of activities could give some insights into learn- 
ing- styles. - . ' 

b) Pew students exit PERC activities before they are done\ Students 
may exit an activity by pressing shift-back or shift-stop; i^Nis not 
known how many students know how to do this because PERC doe^ not en- 
courage students to prematurely leave ftan activity. PERC had* i^ecorded 
premature exits from activities in 2% of the cases (N= 86833 acti- 
vities) ; some of these are undoubtedly done by teachers who need to 
get a child off the terminal. ^ 

c) Advanced students are allowed to pick their own activities from 
a simple index. So far there have be^n 85 choices made involving 
35 different activities. A ccouple^ types of activities standout as 
being the most popular amongst these advanced students; these students 
prefer activities in which, their responses liave a meaningful effect- 
on the way the activity works (branching stories^^ for example) . 1 

The Management System ha^ Performe^ Well. Although Some Inadequacies 
are Becoming Apparent. * C 

The management system has delivered instruction almost without ^ror • 
during this year; the only errors that have occurred 'have been due to 
human carelessness ,/ not to flaws in th,e underlying logic of the man- 
agement system.' The fact that the management system has .worked so 
well must be emphasized to throw the proper light onithe' data described 
below which de^l mainly with its inadequacies; the single statistic • 
given above that PERC runs 300' students per day should constitute a 
significant achievement in automated m^'agement o^ CAI. 

a) Students spend ^4% of their instructional rime either waiting for 
instruction or in changing an audio disc. This figure is ^just slightly 
below the figure from last ye«j:. * Great pains ha,ve been taken to mini- 
mize the number ofx audio disk changes in this years curriculxam; but 
they seem to have failed. Classroom observers report that students 
^are &till changing discs' 2-3 times per 15 mirtute session. Q • 

. 

.A' 
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One conclusion to bj6^ drawn is that the cxirirent ma/iag^nent syste^p 
does not allow for/adequate control over an individual's session. 
Activities have b^en arranged so that . activities which should follow 

the same disc; but since it is not* possible ^o 



one another are 
sp/ifcify that ce 
t$e activities 



ain activities be presented within the same session, 
not being presented in contiguous sequences - 



b) Curreht data collected by the management system has logged 3976 
total hours of instruction; however, data colleqted by* 'th^ PLATO 
system shows our studerr^s have been signed on to the terminals for 
4890 J^ours.' Thus, PERC's data accTounts for only 81% of /the time 



log^^e^l^y the system. 



PERC's data does not include the time the management system taJss^^ 
to choose the next activity; it is currently not known how mtich of 
the discrepancy can be accounted for by time within t^he management 
system. Nevertheless, PERC cart- only account for 3010 hours of abtual 
instruction out of 4890. hours counted by the, PLATO system, which is 
only 62%; thus, the worst ^aSe may pe that students spend up to 38% 
of their time at the terminal on nbn-instructional tasks.. 

c) According to an analysis of -percnote^- (the. notes which are 
written by teachers tb the PERC staf fj , the second greatest concern 
seems to be with problems with the management system (the first 
^oncern is with malfunctioning hardware). These -concerns range from 
wanting to have greater cont/ol over what students get to complaining 
that individual students are unable, to get lessons. 

V • " ■ , ' . 

There is no doubt that teachers comment on the management system more 
than they ^o on lessons because th^W have the . to w:^th it, 

either through trying to use^ teache» options" associated' with it, or' 
because students who cannot get any activities canst itute^ore of a 
problem than students who have p5:oblems in activities.,^ it is not' 
clear that simply counting the number of comments is a valid i^lK;- ^ 
cator of teacher concerns; PERC hopes to validate th^' information , 
gleaned from -percnotes- with a questionnaire to all teachers this 
Spring^st ^ 

• I 

9) PERC has^een Successfully Implemented in Classrooms. 

Placing 'terminals directly in"^ the classrooms h|s been a unique PERC 
experiment; only a few other projects (such as Miarntgomery' County, -/ 
Maryland)^ have tried to integrate CAI into the classroom. The goal / 
for this yeaf has been to spend a few days at the start of the year /" 
orientating each student to the te'^rmirial; coming back about a month 
later to show each chjfld how to use the microfiche projector; but,/ 
then staying out of the classrooms except to observe students wori:ing 
'in activities. The fi*^t two parts hav^ worked fairly well with/most 
classrooms requiring no more than ten^total days "to get the students 
fully acquainted with the terminal.'' - V 



The qifeatest concern of teachers (as seen in -percnotes-) is 
with hardware failures. Again, this is reasonable because hard- 
ware failu^esvNaf f ect the* teachers the most- 

All types of Jhp/rdwaro have failed; unfortunately PERC has no 
count on how ^ many timeifi each has failed- The teachers have com- 
plained most about the audio device; however, there have been'ver 
few complaints from the four classrooms using the new EJS audia 
machines - 



Therefore, the third p^t of the goal — staying out of the classrooms 
except for observations — has not been attained; PERC observers **rave 
spent an inordinate amount of their time trying to keep up with tjae^ 
hardware needing repair. Another measure of this phenomenon is the 
paucity of reports about lessons coming back from PERC observers; 
whereas many ideas for imcr^ying lessons were passed on during the 
1974-75 school year, very^ew have qome in this year. 
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APPENDIX: 5o2 



PLATO Elemg^ntary ReajJing Curriculum pbjectivejs 
: (Key to Structure Diagram) . j 

• ■ ^■ •^ ' '■[' \ ■ : • ■ ■ \ i ■ . 

GENERAL ENTBR^fJfe REPERTORY , 

a. The student understands the dialect of English usually spoken .on 
network television. \, • ^ - 

b. . The student can attend to a cluster of stimuli similar to those of 

television program for at '>least five minutes. 

c. The student has visual acuity of at least^ 20/200 in the better eye, 
and thfe vision in that eye subtends an ate of at least 20 degrees. 

✓ " 

d. The student has sufficient aural acuity that any hearing loss ^ 
would not be technically described as greater than mild. 

e. The student has sufficient intelligence" and psychomotor maturity to 
. carry out" instructions of the following sort wfien the objects 

referred to are aboiiJ:^the size of din^BS and are contiguous with" one 
another. "In front pf, you are pid^tures of a boy, a girl,* a dog, a 
book. Touchy the boy." * 

AUDITORY DISCRIMINATION OF PHONEMES • * " < - ' 

' .j ' ' . ; . ■ : 

ao Given a group of words, twd of which have the same initial, final 
or medial sound, the student indicates which two W6rds have the 
specif ied> similarity . \ . 

b. Given words which are phoriemically different in either the initial,^ 
final, or medial positj|on, the student indicates in which of, ttiose 
positions'" the words ar^ different. . ^ 

VISUAL DISCRIMINATION OF SINGLE LETTERS . * : ^ 

Given a grapheme, th6 Student indicates, the identical; grapheme in 
a field of other graphemes." - ' " ' ^ 

AWDITORY' INTEGRATION OF PHONEMES, . . ^ 

r . ■ . - ■ . ■ ■ • . ■ ; - 

Presented aurally with a ^target word containing no more than three^ 
phonemes with short pauses between each phoneme, the ^student identifies • 
a pictu4:e of the ob;}ect represented by the target worti in a field of ^. 
other pictures, given that the target word pa rt of his oVal vocabulary. 



- THE PtAJO ELEMENTARY READING CURRICULUM 
. STRUCTURE OF OBJECTIVES 



37 READtNG 











32. IffoNY 








29. TONE 





33. LINGUISTIC 
HUMOR 



3^5. READING WITH PURPOSE* 
AND EFFICIENCY 






35. AWARENESS OF AUTHOR'S 
CREATIVE ACTIVITY: ^ 


» ,1 








34. AUTHOR-'S 
PORF'OSEt/ 





26. FIGURATIVE 
^ LANGUAGE 



21. PERCEPTION 
OF REALITY 



20, MODE 

DISCRIMINATION 




rs. AOVANtfED TEXT 
PROCESSING 



14. PROCESSING UNCON- 
^ VENTIOWfiL FORMATS 



I2.>H0NIC DECODING 






3l. EXPOSltlON 








28. ORGANIZATION 



25^ DICT40NARY 
IKILLS 



13. ALPHABETIC 
.RETRIEVAL V 



9. WORD F^ECOGNITION 
(BLENDING) 


, '5 ^* . 




. 1 




5. GRAPHEME/PHONEME 
ASSOCIATION^ . 



10. ^IGHT VOCABULARY 



ILAL-PHAJBETICAL 
ORfDERING 



6. VISUAL DISCRIMINATION 
OF GRAPHEME GROUPS 



7. UPPER/ LOWER- 
CA'gE PAIRING 



4. AUDITORY INTEGRATION. 
QF PHONEMES 



er|c 



2. AUDITORY DISCRIMINATION 
OF PHONEMES 




8. LETTER NAMES. 



I.GENERAL ENTERING^ 
REPERTORY 



3: VISUAL DISCRIMINATION 
OF SINGLE LETTERS 
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V 5. GRAPHEME-PHOpME ASSOCIATION ■ ^ ' ^ ' ' 

a. Given a grapheme, the student selects a picture of a word containing > 
the sound the letter jrepresents. 

' ^» Given a phoneme in a morphemic environment, the student correctly 
chooses the grapheme which represents the phoneme » 

6, VISUAL DISCRIMINATION OP GRAPHEME GROUPS 

Given a sequence of graphemes, the student identifies \he identical 
^ sequence in a grc^p of other sequences. 



UPPER AND LOWER CASE ^PAIRING 



Given the upper case or lower case representation of a grapheme, the^ 
student loca'tes its lower- or upper-case equivalent from a field. of 
graphemes. 



Bo • LETTER NAMES - - • / 



' ' / given .any; letter name oral ly and a selection of graphemes from which to 

choose, the student .selects the appropriate grapheme. 

" ■• . ■ 

. >^ 9. WORD RECQGNITIOKf''"' (BLENDING) . .. ' 

" ^ ' ■ . ■ ■ < ' ^ ' « • 

- . \ Given a monosyllabic word composed^ of phonemes with a one-to-one phoneme- 
' . ,grapheme correspondence, the' student Blends the phonemes into a word, 

^- which, if it is in his'CH^al vocabulary, he recognizes, whether he has 

' spoken the *blend aloud or not. % ' . 



10. SIGHT VOCABULilRY ^ , . , 

a. The stu(^ent recognizes at sight those monosyllabic And phonetically 
irregular^ words he encounters frequently in his reading. 

b. The student recognizes at sight those phonetically regular word? 
he encounters frequently in his reading. 



11. ALPHABETICAL ORDERING 



Giyen a selection of 1 
\ the yetters. in correct 



etters in random order, th,e student arrangias 
alphabetical sequence. 
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12. PHONIC DECODING 



Given the full- set of middle-class, midwestern American English phonemes 

and rules g6verning their correspondence with the various graphemes, 

the student recognizes any^word for which the rules exadtly determine^ 

the pronunciationo In cases of ambiguous determination, but where the 

wor'a^is known orally, to iiim and the written contest defines it, he 

recognizes i^ whether ^he has pronounced it aloud or not. 

'1 ^ 



13. ALPHABETIC RETRIEVAL 



Given an alphabetical list of information, the student retrieves any 
specified piece of informa'tion. 



14. PROCESSING UNCONVENTIONAL FORMATS; 

Given written information in an unusual format but the correct directional 
sequencing of which is unambiguous, the student employs effective 
strategies for recovering the information. \ ^ 



15. TEXT PR(5c2>^SING ' 

Given a selection written in an ordinary left-to-right ;;,"i^|^rto-bottom= 
format, the student processes the selection in this conventional order. 



16. PUNCTUATION 



- ; 



The student demonstrates a knowledge of the function of punctuation 
sufficient to allow him to decode correctly Sentences which, without 
punctuation, would be ambiguous. 

17. SYNTACTIC DECODING 

a. - The student controls a sight-word vocabulary and phonetic decoding skills 
sufficient to allow him to interproi: and comprehend the literal content 
of simple and compound sentences-presented in written form. 



ERIC 



The students correctly identifies as having identical meanings those 
sentences wMch are unambiguously repatterned statements of the same 
idea. ^ 

■ / 7 ■ ■ 

Given a series of sentences of arbitrary complexity? but with clausal 
embeddings to a depth no greater than two and phrasal embeddings to 
a depth no greater than four, the student correctly restates the 
ideas of the sentence in his own words. ' . 



^ 290 



•■ ■ ^ 

18. LITERAL MEANINGS ' - ' . \" 

a. Given questions of the type, "Who did x?"; or "Vflaen and where did x 
happen?"; or "How did x^ feel?"; or "Why did x ha^en?" where such . 
questions are^ answered explicitly in the passage, the stddent 
correctly answers the questions. ' . • . 

b. Given a selection in which the main idea is explicitly stated, the' 
student correctly identifies the main idea, 

19. ADV^CED TEXT PROCESSING , ^ 

Asked to find specific information in a patssage, the student employs 
text processing strategies appropriate tds,the purpose. 

20. MODE DISCRIMINATION ' ' . ' ' 

Given a selection in which important information is presented by non- 
linguistic means, the student correctly discriminates between the 
pieces of information supplied by each nk)de of presentation^ 

21. PERCEPTION OF REAlItY . » ^ . ' ^ 

a. The student distinguishes among the actual i possible and fanciful - 
« elements of a reading selection, identifying as actual those-^ events 

commonly agreed to have happened, as possible those elements commonly^ 
agreed to be within reasonable expectation of hajipening", and as fanciful 
those elements which the current audience agrees are not possible. He. 
distinguishes among these elements with the verbalized proviso that the 
distinctions are certainly based on incomplete knowledge and are, there- 
fore, subject to change. . * 

b. The. 3tudent distinguishes between testable arid untestable statements, and 
forms opinions in such a mariner that an -opinion -could include Thither ^or 
both typQs of statements. ■ - 



22. AMBIGUITY 



/ 



a. Given a selectiorl in which the literal meanings of one or more p^sages' 
are ambiguous, the student correctly identifies the passages and states, 
their optional interpretations o 

b. Gi,ven a sentence that is multiply ambiguous because of unknown^ words, 
the student recognizes the irresolvable nature of the ambiguities and 
requests enough additional* information to resolve those ambiguities. 
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23, COMPARISON AND CONTRAST 

Asked to find similarities and differences between two explicitly similar 
or different items in a single selection, the student does so. 

- ■ fi \ 

24., SIMPLE INFERENCE , _ " , ^ 

The student demonstrates an ability to drav/ correct and .'supportable 
inferences from an passage. These inferences will not contradict 
explicit information in the passage, and^the student will CM.te or • 
• locate at least one ^explicit detail in the passage that suj^lorts his 
inference. 

• . . . ' ■ " , ^ k: 

25. DICTIONARY SKILLS ^ • 

' * ao Given a word whose meaning is not clear from context, the student 
consults a dictionary in an attempt to resolve the ambiguity. 

b. Given a written word which he would recognize if spoken orally, the 

student correctly defines the word after having cofisulted a pronuncia- 
tion key. , 

26. FIGURATIVE LANGUAGE 

:* , Given, a 'selection containing figurative uses of language, the student 
correctly identifies the passages where such uses are employed and 
; . presents a plausible interpretation of the meaning of the figure and 

^■j- ' a plausible speculation for the author's employment of it, "Plausible'* 
is taken to mean "not contradicted or made unlikely by the text.V- 



27. SUPPORT AND CONTRADICTION <r . 



Given statements purportedly'^ dr^wn from a passage he has just read, the 
student distinguishes between those which are explicit in the passage, 
those which are , inferences supported by the passage, and those which ^ 
contradict some portion of the passage. 



28. ORGANIZATION ' 

a. Given a selection in which temporal or^ spatial modes of organization 

are used, the student correctly identifies the mode or modes employed. ^ 

bo Given a selection in which the correct order of events in unambiguous 
* bi^t in which the order of presentation is not chronological, the student 

correctly rearranges the events chronologically. 
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W student correctly identifies the authoxuLs primary attitude toward 
his subject through, supp^ted reference to the tone of the author's 
wr:|.tingo 



36 • PREDICTION 



The student, having read enough of a st^ory to gain information about the 
•personalities of the characters' and the nature of the central conflict, 
.predicts an^outcome fpr that story and de^nds his prediction through 

references to explicit detail and inference not contradicted by explicit 

information. , - 



\ . 

3K EXPOSITION 



The student, having been acquainted with the thesis statement of an 
essay and having various pieces of evidence purportedly relevant to 
the thesis statement, proposes arguments which support the thesis 
statement and which are in turn supported by the evidence „ 



32^ IRONY 



Given a reading selection in which there is a- discrepancy between the 
content of the material and its tone^ the student recognizes such 
discrepancies, ; 



33. LINGUISTIC 'PHJMOR 



\ 



Given a selection in which the literal meanings of one or more passages 
could be ambiguous outside of the context, the student correctly identi- 
'fies the passages and* state their alternative interpretations. 

34. AUTHOR'S PURPOSE 

Given a reading selection which purportedly has a single rhetorical 
purpose, the student identities ^ome such rhetorical purpose that, 
when questioned, he can demonstrat,e the presence of by reference* to 
explicit items in the' text or by inference hot contradicted by the text. 

35. AWARENESS OF AUTHOR'S CREAi;iVE ACTIVITY. . . . ^ ^ 

About written selections' of all types ithe student verbalizes and de- 
fends by reference to examples the idea that written material is at 
best an abstraction from '^reality in which decisions concerning selec- 
tion and abstraction are made by the author^ 

ERIC -^'Jo 
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36'. -READING -WITH PURPOSE AND EFFICIENCY 



(Given a selection to read, the student rdefines a realistic p&pose in 
l^is reading of the selection and will employ skimming, scanning, an.d 
-fixation strategies appropriate to his defined purpose. 



f 



37. READING 



Reading is defiied as understanding ideas presented in the written 
version of one's language and expressed in a manner appropriate to 
one's age and abilities. V 
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. APPENDIX 5.3 I 
, USING AUDIO WITH CAI liESSONS 
E:<t)eriences of the PLATO Elementary Reading Project 

Robert F. YeageJ^ . 
tomputer^-based Education Research Laboratory 
University of Illindis at Urbana^Champaign 

* ? . ■ ■ ,1 ■ ■ 

'For the past five years, the PLATO Elementary Reading Curriculum (PERC) 
Project has been developing- activities primarily for use in ^irst grade 
classrooms. In the 1975-1976 school yeazi twenty-five classrooms with over 
750 students used PERC materials. V 

The typical classroom has two PLATO terminals in the classroom; each 
terminal is equipped with touch panel, slide projector, and an audio unit. : 
StujJ^nts normally spend about fifteen minutes at the terminal; and they 

lipulate all of the hardware themselves; that is, they insert a ^crof iche 
^into the slide projector, and they change records oh the audio unit. 

^ 

Random Access Audio ' 

PERC .uses a random access audio unit which is connected directly to 
the terminal.. The. command to play a' message is sent from the computer, 
through ^^h'^ terminal, to the audio unit; the computer tells the audio where 
to start 'inlaying and how long 'that message will last; The computer retains 
cpntrol ;30\tHat other processing Ccin continue, such as displaying graphics 
on the ,t:erminal which coincide with what tfhe audio is" saying. 

* " ' ■ . \ 

The audio record holds up to twenty -two minutes of recorded information. 
A single message can be as short as one-third second, \ or as long as forty- ■ 
two ^seconds. Any $iessage on the record can be accessed within one-half 
second after receiving the command fr^m the computer. TJie records are made 
from large sheets of magnetic recording tape (the type used in ^tape recorders) 
Therefore, the , audio unit Ccin both play messages and record directly on to 
the record. Records can also be erased and used over and over again.' 

Using an audio unit that allows random access has been very important 
in developing PERC lessons- The alternative would have been to use serial 
^audio (such as a cassette tape recorder) which would have required that 
lessons be organized so that all mesjsagos would be played, in a predeterminecl 
order. , j . \ 

T^e most obvious advantage is that PERC has been able to produce some 
\unique activities which allow each student t^ explore the activity in his 
■pwn way; 'for exarnple, one lesson puts a list of sight .words on the screen 
^nd arllows the students to hear any worcf by touching it. 



Many PERC lessons are in kuch a stable condition ^now that they could^ 
almost be used with serial aud^o; all of the directions and items in 'the 
exercise are in an optimal sequence. But^because of the random access 
capability PERC has been able to implement some powerful pedagogical » 
strategies which would not have been possible with serial audio. For 
exaihple, when a student, misses a drill item, ,he not only is given immediate 
correction, but that same item will' reappear in the drill as the third 
and fifth items after the error. Such strategies have been very siTcce&sful 
with students. Thus, pedagogical strategies are'jiot overruled 'by techno--;' 
logical limitations. / ■ ' * ' ' / 

An added bonus of random ac^cess audio has been th^t l%ssons have been 
easier to develop. When a lesson ^had to have an audio message changed' or 
added, all that .had to be done was to find an open ^ea gn the record and 
add the new message; with serial audio such changes would have been much 
more tedious. ' ' ^ 



Guidelines for Usiiig Audio in Lesson 



Th(5 "PERC Project has developed four simple guidelines for using audio 
in lesbons. But as obvious as these guidelines may appearr^.PERC has 
• experimented with lessons in the past whiqh follow completely opposite 
conventions. ;.jrhese guidelines have emergd'd as the ones that work best 
with our slx-^ear-old population. ^ 

Guideline 1 : Keep it short. The paradigmatic audio is, "Do iti," 
and PERC tries to translate all direction giving messages "into something 
only slightly l^ss cryptic. Elaborate explanations and rationales are 
eliminated; thd<:;^a\idio must focus the student on the task and let him 
interact with the lesspn as quickly as possible. . ■ 

That guideline comes from years of watching children becpme distracfted 
while a long audio message is recited to them. They "tune %ut" in the,, v 
middle of the message and often miss the cue telling them vmat to dd; then 

they either f^il to responji or respond inappropriately. 

, ■ » • f ' ' ■ ■ I . 

Obviously not all children follow that pattern. Conventional children 
will put up with anything (perhaps thi^se are the college-bound studentis?) . 
But a larger number of six-year-olds view the terminal as a place where they 
can express themselves; and they do not have the -patience to • listen .to the 
terminal express itself. PERC has had more, success in aiming lessons at 
these expressive students than in trying to make the expressive students 
confori^^o conventional patterns. 

It may seem as though PERC- is shirking its duty to teach the expressive 
.students to pay attention. Nevertheless PERC teachers report that ^one of 
the fringe benefits of using PERC lessons is that students develop better 
listening skills. / ' . 

How long is. a short audio message? The average PERC lesson runs 
about 2 :50 minutes of which fdrty^seven. seconds is audio,' The^ average 
lesson has .seventeen audio messages; each message lasts ^ average of 
2.8 secoHds. Tha^ means the student gets about three seconds of audio 



■0 

every ten seconds (based on data from 113,312 uses of PERC lessons ^ 
1975-1976): . *^ . - ' / 

Eight of "tfie seventeen Messages are short messages less than 2.4 
seconds; they are the drill items., such as single words,' letters, or 
sounds: If the sho^'t messages are excluded so that only message's greater' 
> than 2.4 seconds are counted, the ayerage audio message is still' a' Brief ^ * 
3.94 seconds^ -» 

No^t only are audio messages kept short, but audio is usually faded in . 
^ach lesson. There , is usually a great deal of audio at the beginning of a 
lesson which the activity is being' set up; but audio is quickly wit^hdrawn 
'once the -student demonstrates that he Understands the natur^ of the_, inter- 
action. Audio feedback is severely limited with aii emphasis being put on 
visual feedback- For example, the first few times a student makes a correct 
response, the audio might say, "good," and there would'^be an appropriate 
screen display;-., but theji^he audio is withdrawn and the student is reinforced 
by the visual display only. ^ 
^ ^. 

Audio is limited because it intrudes on the pace of an interactive 
lesson. Students want to make the terminal "work," not listen to long 
.explanations. A good, lesson strives to make students active learner^^y 
rather than |5assive listeners- - \ . . ' 

Guideline 2 : Gi^fe the cue at the end of the message-* For example, 
if the alidio says, "Tap" the word u£ to make the elevator go up," the * v 
student likely to start responding as soon as he hears, "Tap the word 
up — -" A better audio-message would put the cue at the very end: "Make 
the elevator go lip- Tap the word up - " 

A corollary to this rule is that complicated sentence structures should 
be avoided so that the cue is easily identifiable- Conditionals, for example, 
always cause problems; in a message like, ~"If you want the elevator to go up; 
r then tap the word up , " the if-then construction can complicate things 

sufficiently so that the student fails to comprehend what he is expected 
* to do- 
' ■ ' ^ • ^ - t 
Guideline 3 : cffhe student must always be able to ^ interrupt an audio 
message with a correct response- At pne time PERC lessons would not accept 
any typ^ of r^esponse until the directions on the audio were completed. 
But stu(3ents often understand the nature of the taskTbefore the audio 
message is completely finished; and because they respond by simply touching 
the screen, fstudents can enter several responses during the last second or 
two of an auflio message- Students were observed to enter the correct 
response, gefc no feedback because the audio message was just finishing, and 
^switch to ar( incorrect response just as* the audio message ended. ^ 

The same -problem occurs on remedial messages after an incorrect response. 
The student often recognizes the tone of the message and moves immediately 
to his sedpnd^^choice for an afiswer- While it may seem pedagogically desir- 
able to explain to the student why he was wrong, in prkctice it does not" "* 
work, j People make explanations; machines do not- Machines are simply 
expecred to pbrform ^n Specified ways; so when the student enters the 
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correct response, he expects that the machine, will respond appropriately. 
If a student makes a| correct ^response whi^e aa audio message is^ in progress, 
the^auqio message' is immediately s|:opped> and the pbsitive feedback fe 
• begun ."^ This avoids the paradox of having the audio continue' to tell the 
student to. do spm'ethin'g that he jiist did. . . \ 

While an audio message is in progre'ss, incorrect responses are ignored; 
the audio continues uninterrupted. This is reall^^ done out of necessity. 
If an incorrect answer ^as accepted be^fpre the audio had given the^ cue, the 
lesson would have to corltain special remediation which would explain the 
task that was supposed to l^ve been explained ^in the interrupted message; 
and that remedial message itself might* have be subject to' interruption^. ' 
In PERC's very early years, ^ fevv^ lessons were written that" way. Som^ 
students quickly learned the joys of making lihe audio i^unit go crazy by 
repeating incorrefctT answers ev^ry second or two; this caused ,the '*audio to 
-^restart the' same message over and ovei;^and over "^a gain - 

The strategy of ignpr'ing incorrect responses while audio is -in ^progtess 
is effective. It takes advarytage of the students' strong desire to mak'e^the 
terininal "wo'rkV\ Receiving negative feedback is perceived by students as 
' making the terminal work; and dt is sufficiently reinforcing that students 
will persist in making , the wrong ^response. But receiving no feedback at 
all discourages students frpm responding ^unless they are f^isrly certain 
that it is going to have an effect- ^ 

There is a glaring loophole in' that strategy, however. If the student^, 
njl^es all possibli responses while the audio is in ;progress, the incorrj^t 
responses will be ignored and the correct response will be rewarded. In 

wfact, that happens very seldom. In the few cases whe^e it^ <^d happen, 
the lesson w^s changed to stop^it. One change that worked was to not dis-- 
play the answers until the audio was completed. Another metho(i was to stop 
the audio, erase the , screen, and restSi^t the frame after 'telling the student 

\that he. had to start over because he has answered too soon; the sucicess of * 
this latter method has not been evaluated yet. 

\ Guideline 4: Audio should be embedded in a context. Messages like, 
"Touch the word boy , " were effective, with some students but many stud^ts 
sAemed to have difficulty comprehending what the audio said; they lacked 
th^ proper psychological set to handle^ the directions. . Students sometimes 
verbalized what they thought they he'ard; their errors could be loosely 
grouped into four categories: 1) hortonyms (boy-toy); 2) words conceptually 
linked (boy-iTuns) ; 3) words prompted, by the sequencing in the exercise (if 
word one was "cat," and word two was "frog," the student might hear "dog" 
'both because it sounds like "frag" and because of its relationship to "cat") 
and 4) other answers on the screen (note that the students had to read the 
"^ther answers) - 1 ' 

There are two ways to provide context for an audio message: add more 
audior or add a visual display. Sometimes the only thing that ean be done 
is to. add more audio despite the fact that this violates Guideline -1. But 
stud^^ts are more likely to tap the word "up" if the audio cue is prefaced. 
(w5rthJa short statement like, "Make the elevator go up." 
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A bett§r way of providing cohtext is to add a 'visual display; if the^ 
audio says, "Tap the word boy , " \^^icture of a boy can be shown qn the 
screen. 

Data was gathered during the 1975-1976 school year which tend to 
support the importance of a visual context. Records of errors were l^ept 
for fdrty ^lidil^ory discrimination exercises; aid forty exer(i^ses operate 
in the identical way ^xcept^ for the -fantasy used for motivation; in a -t- 
exercise the student adds men to a- tug-of-w^ team; in e^^h^ exercise, 
he adds horseshoes; etc. die task is for the student toVdecide whether 
or not.a wor<J presented by^the audio begins wit<h a specified sound; for 
^example, d,oes "telephone" start with /t/.^ This would seem^ to* he a listening 
task; the student should not even have to oindersttod the' word in order to 

decide 'whether -he' hears a /t/ or not. v 

' . J ^ • 

Twenty-five of the forty exercises presented the word \^a audio a^nly;. 
for the qther fifteen exercises a picture was 'displayed on the screen! while 
the audio said the word, f ^fter 44,268 tA^ls, words given by audio ai^ne 
had an erafor rate of 21%, words given by audid accompanied by a picture 
had an error rate of 12%. 

Ninety-three of the words, were used in both v|^ys; they were used with 
pictures in some exercises, aind without pictures^=d.?a otfiers. »This. was "dope . 
primarily because many exercises were^ on the same-record and they shared 
the same pool of words; hence the students heard the same recording of the 
word both with and without pictures. Approximately the same error rates 
helde for.l7'i5<72 trials, word'^ without pictures had a 22% error r^te; 
words with pictures had only a 12% rate.' x*^^^^ 

: Fuj;ure Plans with Audio ' ^ ^ 

There are two areas in which PERC would like to experiment with audio. 
First, students could record their voices on the record; this is essentially 
a Mn'guage lab approach. The student could compare his voice to a pre- 
recorded 'model in order to decide when he is close enough; and a teacher 
could spot 'Check her students' recordings to make sure they are performing 
adequately. TThis would.;;r^e ny means be a* substitute for the teacher listen- 
ing to the students recite in the classroom; bu£ it may be a way of giving^ 
students added practice in producing speech without putting a great deal of 
overhead on ,^.fehe teacher. * * *. 

The second area would involve a much more radical change. Currently * 
audio is delivered automatically throughout a lesson but PERC has now . 
developed a few lessons in wJjich the student has to,request the aii&io 
either by touching someplace on the screen or l?y preisSing a key. Thus the 
learner gains control over the flow of inform,^i,on tihat is, directed at* him. 
He can be "sfomewhat selective abobt what inforraatin he Vv^ishels to receive; 
for example, students who have seen a few of those forty auditory^discrimi- 
nation exercises do not usuatiy need even the 'minimarl directions given at 
the b^ginnihg of each exercise'; with "learner-controlled"^ audio they could 
skip past the directions- ' ' ' r 

,The few lessons that have been developed with "learner-controlled" 
audio have been in a very narrow range/ Various types of lessbns will . 



h^ve t<^ be developed b6^^rl(^he usefulness of this, strategy can be 




evaluated. 



PERC follows the principle that ^tjje.best audio is the leas t- audio .'^ 
That principle is put into practice by, 1) ' keeping messages as short as I 
possible; 2) making ewes ^ easily^i^entifiable; 3) allowing students to ^ 
'interrupt,- audio; and; 4) providing minimi^l context to 'aid understanding. 
And it would be^ e^ctended eveA further if leaner-controlled audio were 
implemented. * * > 

The guidelines described have been fo.ynd to be affective with six- , 
year-olds. 'But they ^re/ probably somewhat 'valid for all age' groups although 
older students may put up with slightly longer audio messages, and may 
require fewer prompts. . . * 



V - 



Acknowledgements ' , ' 

The PLATO Elementary Reading Project is' supported in part by the 
National Science Foundation (US NSP C-723) and the University of Illinois 
I wish to thank the many CERL staff members who^have contributed to the 
ideas discussed here; and Sibyl Pellum for manuscript preparation. 




300 



> 



\ 



ABPENDIX 6.2.1 



ACCOUNTANCY LESION APPLICABILITY 



( 



r 



By 



■ ■ • jr. . . 


U 

. o> 

5 




r 

o 


CM 

o 


4J 


Ac Clerk 


Adult Ed 


: SI 

Learning ^ 
Lab 


<1) Introduction to PLATO IV 

4 ■ . . . - 


McK< 


30 


X 


X 


X 








Comments- and Bulletin Board ^ ' 






X 


X 






X' 


X * ■ 


Accrual Concepts * 
\^dT^ 


McK 


20 


x\^ 


X 


X 


X 


X 


X 


Classification of Accounts'^' / ' 


McK. 
Len 


■20. 










X 


X 


Classification, a^d. Normal Balances y 


McK 
Len 


20 


X 








5f 


«• 1' • 


Changes in Balance Sheet Equations ^ 


McK 


40 


X 








X 


X 


Journalizing* 


McK 


60 


X 












' Income Stafifement 


McK 


45 . 


X 










X 


Journalizing - Service and Merchandising Firms 


^McK 
Xen 


30 


X 






r* 


X 




Journalizing Service Firm Only- 


McK 

Len 


30 


x 








X 


• 

X 


\ -T^ ^ : 

eir^sj^g Entries , ' ^ 


McK 
Len 


40 


i 

X 








X . 


X 


General Journal, Ledger " ^ 


McK. 
Cen 


und 


X 










— r— > 

X . 


" Adjusting Entries' - 


ncjs. 
L6n 


45 


X 






X 


X 


X 


~ : ^ ' — ' — r-:- — '• 

Adjusting Entries II 


McK 


60 : 








X 


X 


X 


Worksheets 

\ - ^ ^ 


McK 
Len 


45 


x" 






X 


.X 


X' 


Inventories 

: — : : — — — s; 


McK 


-30 


X 

-r 


X 


X 


X 


»x 


X 


■ Special Journals < * 


McK . 
Len 


10 


'^X • 






"i 

X 


X 


X 


Terms of. Sale - * 

< : \ ' ' ' 


McK 

Len 


45 


X 






X 


x^ 


X 


Inventory Methoc^s ^ ' \^ 


McK 


>5 


X 


X 


X 


X 


X*. 


X 


~ ' 

Temporary Investments 

- -i ! -1 '. 


McK 


60^ 

■ lL. 


X 


X 




X 




X 



r. \ 
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Accountancy Lesson Applicability 
(continued) 

\ ■ — - — 



• • 

' ■ - ' • , .. ■ - 

V - ' . - ' ■ . y ^ 


•■i 


,9 


^ ■ 




-•4^ 

CO 


Ac tlerk 


i 

< 


Learning 
Lab 


Bank Reconciliations *s . % v ^' ' 

^ ^- ^ • % ^ ■ ^ . - ^ - \^ ^ 


»McK, 

(Len' 






i ' 

\ f 










Accounfiks Receivable-- . " ; ^ ^* ' ' 


^''Mck 


vind 


X 






X 


X 




■ . . • ) \\ ■ \ — 

\ Notes and Inteizest ^ % < 


Mck 
Len 


60 

y 


X 












(l)Long Term I^iabilities . (S^aight- Line) 


M cK . 


30 




X 




— ^ 

r 




X 


CD Long Term Investments (Straight 'Line) ~ 


McK . 


60 




X 


- 






X 


Fixed Assets I 


McK 


60 


X 


X ' 


X 


X 


X ' 


X 


Fixed Assets II ^ ) \ ^ 


McK 


AS 




X 


X 






X 'i 


Long Term Liabilities (Effective Rate) 


McK 


6Q 




X 






X 


X 


Accounting for Stockholder's Equity 


McK 


60 


■- 


X 


X 




X 




' — ■ ' 

Long Term Investment in Bonds (Effeative Rate) 

^ , \ ' ^ ■ 


' McK 


6b ' 




X 






^ • 


X 


Fund^ Flow ^ / * ' • ^ 


McK * 


60 


" X 


X 


X 




X 


— ^ ■ 


" \ — — \ — ^ ; — -f \ 

' Funds Statement ^ . - 


McK. 


60 




X 


X 






X 


Introduction to- Cost Accounting 


- McK 
et al 


45 




X 




X 




X 


— ^-^^ — ^ ^ ^ — H — ^ ^ 

Break-Even Analysis 

— ' ^ — '— ^ ; 


McK 
et al 


45 


X 


X 




X 




X* 


Cost Classification ' . - \ 


McK 
et al 


15 




X 








X 


^ ■ ■' 

Process Costing >■ 


MqK 

et' al 


90 




X 


X 






X 


^ Job Qtder'Costing^^ . ' . 


McK 
et al 


60 




X 


X 






X 


Standar^ Costing I ^ - . . i 


McK 
et al 


15 




X 


X 


X 




X 

< 


Standard Cost iiTg II 


McK 
et al 


45 




X 


X 


X 




X 


OperationajL arid Production Budgeting 


Mcli 


- — 
30. 




X 


X • 


•«* 




X 


Budget^irng for Control ^--^ 


Mck 


15 




X 




X 




X 


-y-y. "Non-MahutactulMng Costs' 

' Jb . : — : — — '■ ^ 


McK 


60 - 


■>~ 


X 


( 






-. n - 

X . ; 



i 
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Accountancy. Lesson Applicability 
(continued) 





Author 


Time 


101 


CM 
O 


Cost 


Ac Clerk 


Adult Ed 


Learning 
Lab 


Financing (Cash Budgeting) ' ^ , « 


Mcic' 


20 




X 








X 


Incremental' Analysis J * ^ 


McK 


20 




X 




X 




X 


Compound .Interest ' . , 


McK 


Und 




X 




X 




X 


Capital Budgeting 


McK, 


45 




X 




X 




X 


: ^ ji ■ ; ' . 

^o^tUV^. Equity • . 


McK ' 


30 . • 




X 








X 


Pattnerships • ^ ' 


Trent 


3.0 • 




X 


X 


X 







Abbreviations : 



Len 
McK 
Trent 
et al 

und 



Thomas Lenehen, Assistant Prtfessot, Wright College 
James McKeown, Associate Professor, University of Illinois 
GeoVge Trent, Associate Prof ^ssor , V7right College^ 
acknowledges contributi9ns of other 'faculty and graduate- 
students - . ' 

undetermined 



Note^: (T) ^plicability of "Long Term* Liabilities (Straight Line)" and'^ 

:. "Long Term Investments (Straight Line)" is estimated rather 

J * than actual. 



(2) Times in minutes are from the Accountancy Index (1976). Since 
experience show's that lessons usually ^equireVlonger to .-complete 
than estimates indicate, ' the larger estimate has been chosen 
when the Index indicates an estimated range (e.g., "Accrual 
Concepts," 15 - 20 minutes). Even*so, estimates here should 

be consid^ered conservative . 

(3) Scattered and occasional use of lessons in courses disregarded 
in assessing applicability. Only consistent usage was acknow- v 
ledgod in determining applicability. 

(4) Two lessons "Dependent Exemptions" jDy Costabile and "Payroll 
and Payroll Taxes" by Weaver have not been released for 
general use and are not included here. ' , x ' 
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APPENDIX 6, 2, 2 
CORRELATION OP PLATO LESSONS WITH CLASSROOM ^lATERIALS 

School #5 
Busineq« 101, PLAl^O Lesson Sequence 



Text Chapter 
Chapter 1 

Ch^ter 2 

Chapter 3 

Chapters 4 & 5 

Chapter 6 

Chapter 7 

Chapter 9 
Chapter 1 1 



Title ofpPLATO Lesson 

Introduction to PLATO IV 

Changes in Balance Sheet .Equations 

Classification and Normal Balances 
Journalizing 

Journalizing - Service Firm Only 

Adjusting Entries 
.Worksheets 
^Closing Entries 

Journalizing - Service and Merchandising Firms 
Special Journals 
Terms of Sale 

Closing Entries 
General Journal, Ledger 



Notes and Interest 
Accounts Receivable 

Adjusting Ent3?ies II 

'Bank Reconciliations 



, Text to be us^d in conjunction with PLATO 

Accounting Prxnciples ^ eleventh edition, by Niswonger and Fess 
(Southwestern Publishing /Company) 
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(continued) 

CORRELATION OF PLATO LESSONS WITH CLASSROOM MATERIALS 

School #4 
Business 1 01 , PLATO Lesson^Seqiience 



Text Chapter 
Chapter 1 

Chapter 2 

Chapter 3 

Chapter 4 
Chapter 5 
Chapte^r 6 

Chapter 7 

Chapter 8 
Chapter 9 

Chapter 10 



Title of PLATO Lesson . ^ 

Introduction to PLATO IV • 
Changes in 'Glance Sheet Equations 

Classification and Normal 'Balances 
Journalizing 

Journalizing - Service Firm Only 

Adjus,ting Entriesj 
Worksheets 

Closing Entries (Parts 1 and 2) ^ 
Terms of 'Sale 
Special Journals 

Journalizing - Service and Merchandising Firms (Part 3) 
Inventories (Parts 2 and 3) ^ / 

Notes and Interest ^ ' 

Accounts Receivable ' ' . 

Inventory Methods 

Accrual Concepts ' 
Income Statement 

Fixed Assets I 
Fixed Assets II 



Text to be u^ed in conjunction with PLATO 

Accounting Principles , eleventh edition, by Niswonger-^and Fess, 
(Southwestern Publishing Company) 



^17 



(continued) 

CORREIATION OF PLATO LESSONS WITH* CLASSROOM MATERIALS 

School #2 

Accounting Clerjc, PLATO Lesson Sequence 



Comment and Bulletin Board- 
Introduction to PLATO IV 
Classification of Accounts 
Classification and Normal Balances 
Changes in Balance Sheet Equations 
Journalizing 
Worksheets 
Special Journals 
Terms of Sale 

Journalizing - Service and Me^rchandising Firms 
Closing Entries 
Income Statement 
Acfcrual Concepts 

Notes and Interest * ' 

Accountis Receivable 

Adjusting Entries 

Inventories 

Inventory Methods 

Adjusting Entries II 

Fixed Asset's I • ^ 

Fixed Assets II , 

Bank Reconciliations 

Accounting for' Stockholder *s Equity 

Long Term Liabilities (Effective Rate) 

Temporary investments 

Long^TTerm Investments (Effective Rate) ^ 



Text to be used in conjunction with PLATO 

Accounting Principles ^ eleventJi edition, by Niswong^ and Fess 
(Southwestern Publishing Company) 
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(continued) 

^ CORRELATION OF PLATO LESSONS WITH CLASSROOM MATERIALS 

School #1 

' Accovinting 102, PLATO Lesson Sequence 



Text Chapter 
Chapter 15 

Chapters 16 and 

Chapter 18 

Chapter 19 
Chapter 20 

Chapter 21 ' / 
Chapter "22 




Title QiS PLATO Lesson , 

i ^ 

Introduction to PLATO IV 
Partnerships 

Accovinting for Stockholder's EqtTity 
Financing (Cash Budgeting) (Part 3 only) 

Lonjg Term Liabilities (Effective Rate) 
.ong ,Tem Investments ' (Effective Rate) 

rhne available 

Introduction to Cost Accovinting 
Cosib Classification 
Proc(Ms Costing 

Job Order Costing . 



Standarcjxposting I 
'5 t;ai;i^ard Costing II 

:Chapt^t' 24 ■ M < ' '/uNoh,-Manufactufihg".t:osta; -^^ ^ ' / . 

Chapter;:?^ ■r?-v\^ '^^^ ; ■ 

■ ^ ■ ^ (Part 1) 

Chapter- 26 ■ ;^v.^y55^^ ,' 



Chapter 27 
Chapter 28 



A ;*>tiinds "Stkt^inent 
none available 

Operational Production Budge ting-- (Part 2) 



\ ■ 

\ 

/ \ 
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. (continued). ^ 

correlation PLATO Lessons with Classroom ^aterials 

School #1 ^ ' • 

Note: Only one instructor used PLATO as an integral part of the Accounting 102 * 
class. Other instructors of Accounting 101 and 102 assigned their students to ^ 
Learning Lcib# where individual sequences of lessons were created for each 
students. 

( ' . : ■ . : . ■ 

Text to be used in conjunction Vith PLATO 

Accounting Principles , eleventh edition, by Niswonger ancJ Fess 
(Southwestern Piablishing Company) - 




6.2.3 



. PLA^ ACCOUNTANCY COURSE USAGE BY INSTRUCTOR 





■\ 

Summer' 74 


Fall 74 • 


Spring 75 


Summer 75 


Pall 75 

\ 


Spring 76 


School t1 1 
Instructor 8 ' 


\ 






• 


'\ 

,101 and 
'^learning lab 


\101 and ; 
learning lab' 


Instructor 8 


, '\ 

' \ 

\ 

\ 


3* sections 101 
learning lab. 


101,102 
learning lab 


learninu lab 


102 learning 
lab 


\ 

10'2 learning 
laliy , 


.Instructo!: A 


\ 
\ 

■■ \ 
\ \ 










1 section 102 


gchooi 12 , • 
Instructor B ' 


\ V 

\ • 

■ ' \ 

■ • \ 

\ 




l^cct Clerk 


Acct Clerk 




'v. ' \ 

Acct^Cleik 


Instructor 1 


\ 

\ 

\ 


\ 


Acct Cl?rk 




t 

Acpi Clerk 
(E.S.L.) 


Acct Clerk 
(E.S.L.) ' 


School i3 
Instructor 6 




\ 

\ 


i 

1 section 101 




1 section 101 


1 section 100 \ 
t section 101, . 


Instructor I 






> 




— r ■ 


1 section 101 


Instructor f 




■ '\ ' 

2 sections 101 


T section 101 
1 lab ^oup 


' release time ^ 
for curriculum 
coordination' 
with PMTO- 

'4 ' 


1 section .101 


T 

1 inqpediate 
lab group, 
release time, 
for lesson > 
, devetopment 

















4f 

J f 
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PLATO Acco\mtancy Course Usage by InsWucto'r 



, . V/ ' ^ (continued) 



1 • 


SuAer 74 


) Fall 74 


Spring 75 


V Sumner 75 


Pall 75 


, Spring 76 ■ \ 


- School 15 
Inatnctor 3 

^ 


\ 


2 sections 101 


1 section 101 
1 section 102 


* 

1 


3 sections 103 
1 section 101 


:'■ 1 

1 section 101 


Instructor C 


f^section 101 


no longer 
employed 


V 

■ y 






'V .V, 


Instructor D . 


T section 101 


2 sections 101 


2 sections '101 






2 sections 101 ^ 


Instructor 7 


i ■ 


2 sections 101 


2 sections 102 


■ ^ 

1 section 101 
1 section 102 


Cost Acct 
1 section 101 
1 section 102 


Cost Acct 
1 section 101' 
release time 
for lesson 
development 


< 

Instructor 5 


/ 


1 section 100 


''K. 

1 section 100 




1 section 10) 
1 section il02 


r 

r section 101 
2 sections 102^ 


Instructor E 






1 section 101 
1 section 102 

\ 


i 

retired 


/— 




— rr ^ 

Instructor P 


1 section 101, 
1 section 141 


used as ^ 
contrpl 










4 

Instructor G 

r 


4 


2 Actions 101 


2 sections 101 
1 section 102 
Bus Maj:h 


1 section 101 
ij section ,102 
Bus Math 


on leave 

• > 




Instructor 2 

> • 


2 sections 101 


3 seqitions 101 


1 


1 section 102 


Adult E4, 
2 sections 102 


• 

— ; 


Instructor H 


^ 1, 


:Gost Acct ■ 




■" :\" 




Co^j: Acct ' ,V 



f. -w «Note: Instructor numbers correspond accpiintancy identification numbers of the Users'' Report , March 1976. 

* :nstructors identified by letter did not use -PLATO during Fall 1975 and were thus n&t included in the 
EBISlgers' Report . ■ ■ ; y 



■ . ' APPENljlX &.2.4 ' 

STUDENT USAGE OF ACCOUNTANCY LESSOtiS 
' at the Community Coljiege 

'June 1974- May 1976 



j ■ i 


Summer 74 


Fall 74 


Spring 75 


SuMier 75 


Fall 75 


Spring 76 , 


Total 




1st 


iHrs 


ist 


IHrs 


iSt 


iHrs 


ist IHrs 


ist 


iHrs 


ist 


1 

iHrs 


ist , ■ 


ffHrS' 


School 11 






.73 


565 


63 


, 455 


24 


87, 


182 


1,073 


97 


381 ' 


439 


2,561. 


School 12 










33 . 


198 


25' 


200 


10 


49 


32' 


'230 


100 


677 ' 


School 13 ■ 










35, 


144, 


0 


0 


35 


298 


77 


349 


147 


?91 


School 14 








492 


35 


94' 


• 0 


0 


35 ' 


411 

... i 


20.. 


101 ; 


172 


1,098 


School 15 


141 


291 


531 


2,17^ 


314 


1,342 


144 


672 


335 


1,237 


268 


1,208 


1,733 , 


6,927 


4 

TOTAL • 


141 


291 


6B6 


3,234 . 


480 


2,233 


193 ■ 


959 


597 


3,068 


494 


2,269 


2,591 


12,054 
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S ^ „ BIOLOGY USER PARTICIPATION 



Inst- 

' . »; 


■•, Fall 1974^1^., 
101 111 102 H^etjier 


Spring -1975 
101 111 102 'l12 other 


' _ Fall 1975 
101 111 1(g 112 other 


Spring 1976 )■ 
lOf 111 102 112, other 


' - 1 


■ 














xic 


X 




XX 






X 








XX 


X 




L 










\ 


XX 


X 








XX 


I 










X' 






X 




>> 












X 








XX 


X 








XX 


, X 






\ 


' A 4 




X 


■ 








X 








1 

X 












X 






1 


c 


XX 




X 










;XX 






XX 






■ 




i 




X 






t 
0 
















n 










X 










r ' 


X 


'■■r ' ' 




• 


X 








X 








X 

< 






X, 














— -If- 


HA fl 




X 


XX 












X 






■ / 

1, 


x^ 


t 






' 


XX 






A 

y 
















n 


X 








X 


X 




XX 


\ 




X 




10 








xxO 








s 


xA 






X ' 




'x ' 






■71 

*' • 






r 


11 








( 




X 


X 






K 


1 


X 


















0A12 ' 
. — \t 




X 


< 




X 








X 






X 






X 




X' 






X 


13 


















X . 






X 














X 


0 


14 










0 




xA 










XX 










XX 








15 




X 












1 


X 


* 

4 




X 


\ 












X' 




16 
























X 






X 




X 






XX 


17 


\ 








0 




xA- 










X 






\ 




X 









T 



■Inst* f - reefers .to .Fall 1975 Users Report , • 
0 = participation in extension course - users \ 

: A = participation in extension course -- authors 

, ' 5 ^tructor' taught <?ne section 

ERJCistructor taught two sections . , 



biology User Participation 
(continued) 



Inst 

I 



Pall 1974 " 
101 111 102 112 other 



Spring 1975 
101 1ir 102 112 other 




Fall 1975 
101. Ill 102 -112 other 



Spr.ing 1976 
101 111 102 112:other 



Inst If refers to Fall 1975 Users- Report 
Letters indicate users not included in Report 

parentheses refers to/ca?e study in Spring 1975 Users Report , 
0 = participation in extension course -- users 
A = participation in extensi^h course - authors. , 
X = instnctor taught one section • 
■ XX = instructor taught two sections 
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; Total # ^structors . 
Total f;Cou|ses '' • 



Fall 1974 Spring 1975- Fall 1975 Spring 1976 



8 
16 



22 
36 



21 
36 



24 
43 
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M>ENDIX 6. 3, 2 
SOURCES OF LESSON DEVELOPMENT 
BIOLOGY 101 AND 111 





CCC^ 


T — 7 


UICC^ 


MISC^ 




Biof 

100 ^ ' NSF Misc 
101 






1 . Tools Used in Biology ^ 

Review of Logs and Exponents • 
Exponential Growth Fod?inul.as ^ 
Graphing Exponential Cell Growth Data 
A Tool|^ The Spectrophotometer 
Experimental Technique 

Life in a Microcosm ' 
Serial Dilutions 


• 


- . F74 

F75 
F75 
F75 

F75 
F75 
^ F75 


F75 




2. Simple Chemistry I' - 

Simple Chemistry II , y 
Chemistry for Biology Stu<3ents 


F74 
F74 
F76 




r 




"3. The Ultrastructural Concept — | 

Cells — Structure and Fiinctiono 

Diffusion and Osmosis 

Introduction tp Water Relations 

Water Relations Laboratory 

Surface Area/Volume in Living Systems 

Cell Growth 


F74 

F76^ 

F74 


F75 
.F75 

Sp75 

F75 




\ 

\ 

\ 

\ 
\ 

\ 

\ 

\ 

\ 


5; DNA and Protein Synthesis 

DNA, RNA, and Protein Synthesis 




F74 

F74 




\ 

\ 


6« ^Enzyme focperiments ^ 




f F74 


■r 




Essentials of Photosynthesis 

-Photosynthesis (Haney) 

Experiments in Photosynthesis 

ATP/ Anaerobic, and Aerobic Respiration 

Electron Transport Chain 

Measuring the Level of Life 

Respiration and Enzymes 




' lSp75 

F74 

F74 
F74 

F74 
F74 
F74' 

F75 



ERIC 



^CCC = City Colleges of Chicago 

^UIUC = University of Illinpis at Urbana-Champaign 
%ICC = University of Illinois at Chicago Circle 
'*MISC = other locations 

^The earlier date indicates first version, later date the revision. 
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Sources of .Iesison Development 
Biplogy. 1 0 1 ^ and 1 1 1 
(conltinuedf) 



ccc 



ui6c 



Bio 
100 
lOf 



Bot 
100 



, NSF Misc 



UICC 



MISC 



Experiments in Respiration 

Green Machine I (Photosynthetic Parts)-! 

Green Machine II (Process) 



F75 



F74 
F76 
F76 



10. Seed Germination 
Plant Growth 

Plant Responses and Apical Dominance 
Flowering and Photoperiod 
Fruiting and Leaf Senescence 
En23nne-Hormone Interactions 
Organization of the Higher Plant 



11. Plant Pathology 



F74 

F74 

F74 

F74 

F74. 

F74 

F75 



F75 



12. Use of Taxonomic Keys 
Plant Taxonomy 
Tree Identification .Quiz 



13. 



Sp75 



F75 
F75 



ADH and Water Balance in Humans 
Neuron Structure and Function 
Human Digestive System 
The Heart. ' 



F74 
F74 



F75^ 



Cardiac Cycle 



Heart Rate Regulatory Mechanism^- 
Mechanics of Breathing 



Elementary Psycho-physiology of Audition 
Central Nervous System 



F75 
F74 
F75 
F74 
F75 
F74 
F75 

F76 



F75 



14. 



Physiological Basis of Learning 
Simple Animal Behavior — Klinokinesis 
Social Behavior of Birds 



F75 



Classical Imprinting in Fowl 



F74 
F74 
F74 



TOTAL NUtlBER OF LESSONS AVAILABLE = 55 



12 



10 



19 



^Community College Project ii^volitement 



SOURCES OF .JuESSOli i:)EVEL0Pi4ENT 
. BIOLOGY 102 AND 112 
(continued) 



4* 


CCC^ . 


UIUC^ 


uicc) 


MISC** 




Bio ^ ^ 
• Bot 
100 NSF Misp 






'4- Mitotic Cell Division 
Mitosis 

Me io s i s ( Ar se nty ) 

Meiosis (Porch) 

Embryology 

Plant Life Cycles 

Honuonai control or trie Mensty^ual Cycle 


Sp75 • 
F74* 

FVS"^ 

F74 
F76 
F,75 

Sp /b 


F75 






7. Vocabulary Drills ;for Genetics — Part I 
Vocabulary Drills for Genetics — Part II 
Elementary Probability and Mencjel's Laws 

Blood Typing 

r 

Genetics and Heredity 
^ Drbsophila Genetics 
Gene Mapping in Diploid Organisms 
Plant "Genetics Problems 


F75 
F75 

F74 ■ 
Sp75 


F74 

Sp75 

F74 

F74 


• 

F74 




8i ' Natural ^election 

Natural Selection Experiment 

Comparative Serology 
Induced Mutations Experiment 

Genetic Drift 




Sp75 


F74' - 
F74 
F76 
F74 

F74 

F7e 




9- Biogeochemical Cycles 

. Energy Relationships in Biological Svjstem; 
Predator-Prey Relationships ^ 
Buffalo — Animal Popul^ion Experiment 
Population Dynamics 

Populations Laboratory Using E. 'coli 




F74 
F74 
^ F74 

F74 

F.74 

' Sp75 


1 

\ 

/ 





^CCC = City Colleges of Chicago \ 
^UIUC = University of Illinois at Urbana-Cliampaign 
^UICC = University of Illinois at Chicago Circle 
^MISC = other locations 

^The earlier date indicates first version, later datet the revision. 
^Community College Project involvement 
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Sources of Lesson Development 
Biology 102 and 112 
(continued) 



i \ 

\ 




• . UIUC 


UICC 


MISC 


\ 


Bio ^ 
.100 ° NSF Misc 
101 






* Stationary Phase of Cell Growth 
Lag Phase of Cell Growth 
Death Phase of Cell Growth 
Population Genetics — Demonstration of" 
Inbreeding 

Population Genetics — Hardy-Weinberg 
Population Genetics — Quantitative 




F75 
. F75 
F75 

F75 

F75 
F75 






TOTAL NUMBER OF LESSONS AVAILABIJE; = 32 


8 


2 5.5 7 


5*t^ 


0 



ERIC 
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APPENDIX 6.3.3 

I. 

BIOLOGY LESSON AVAILABILITY 
BIOLOGY 101 AND 111 * 



*1.^5)ools Used in Biology 

Review of Logs and Exponents 

Exponential Growth Formulas 

Graphing Exponential Cell Growth Data 

■ > 

A Tool: . The Spectrophotometer 
Experimental Technique 
Life in a Microcosm 
Serial Dilutions 



F74 



Sp75 



X 

. .on 
recpaest 
' on 
request 

on 
recpaest 



F75 



X 
X 



X 
X 
X 
X 



; Sp76 



X 
X 



X 
X 
X 
X 



Projected 
Additions 



2, Simple Chemistry I 

Simple Chemistry II 

Chexnistry for Biology Students 



on on 
requestreqiiest 



on 



on 



reques tr eque s t 



The Uljtrastructural Concept 

Cells — Structure and Function 

Diffusion and Osmosis 

Introduction to Water Relations 

Water Relations Laboratory 

Surface Area/Volume in^ Cl ving Systems 

Cell Growth 



+ 

X 
X 



+ 

X 
X 



X 

on 
reqiie.ql- 



+ 

X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 



5. DNA and Protein Synthesis 

DNA, RNA, and Protein Synthesis 



X 
X 



X 
X 



X 
X 



X 
X 



6o Enzyme Experiments 

Essentials of Photosjmthesis 
PJ|!btosynthesis «^ , 

Experiments in Photosjmthesis 
ATP, Anaerobic and Aerobic Respiration 
Electron Transport Chain 
Measuring the Level of 'Life 
Respiration ar>d Enzymes 
. Experiments in Respiration 
Greep Machine I (Photosynthetic Parts) 
Gr€^ Machine II (Process) ^ ; 



X 
X 



X 
X 
X 



R 
X 



X 
X 
X 



\ 



X 
X 
X 
X 
X 
X 
X 
X 



R 
X 
X 

x: 

X 
X 
X 
X 



R 

X 



♦Lessons ^. included in biology catalog; numbers refer to position in -the index, 
'+ Lesson available but without microfiche 



EKLC 



R Revised version in use 

I 



^35 
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Biology ^esson Availability 
Biology 101 and 111. 
(continued)' 





F74^ 


Sp75 


F75 


Sp76 


• — t 

Projected 
Additions 


U , 

10. Seed Germination * 
Plant Growth 

Plant Respon3es and Apical Dominance • 
Flowering and Photoperiod 
Fruiting and Leaf Senescence 
Enzyme-Hormone Interaptions • * 
Organization of the Higher Plant 


' X 
X 

x 

X 
X 

X ^ 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 

+ 


X 
X 
X 
X 
X 
X 




11. Plant Pathology 






+ 


X 




12. Use of Taxonomic Keys 
Plant Taxonomy 
Tree Identification Quiz 




X 


X 

+ 
+ 


X 
X 
X 




13. TUDH and Water Balance irl Hi^ans 

Neuron Structure and Function ^ 
Human Digestive System , 
The Heart- 
Cardiac Cycle- / ■ 
Heart Rate Regulatory Mechanisirts 
The Mechanics of Breathing 
Elementary Psycho-physiology of Audition 
Central Nervous System 


X 
X 

X 
X 
X 


X 
X 

X 
X 
X 


X 
X 
X 
X 

R 

R' 

R 

X 


X 
X 
X 
X 

R 
■ R 
R 

X 


X 


14. Physiological .Basis of Learning 

Simple Animal Behavior — Klinokinesis 
Social Behavior of Bird3 
" Classical imprinting in Fowl 


X 
X 


X 
X 
X 


X * 
X 


X 
X 
X 






TOTAL NUMBER OF LESSONS AVAILABLE 


27 


30 


48 


48 


52 



r 



+ Lesson available but without microfiche 
R Revised version in use 



/ 
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biolcJgy lesson availability 
. biology 1 02 and- 1 1 2 
(continued) 



F74- 



S575 



F75 



►Sp76 



Projected 
Additions 



' Mitotic Cell Division 
'Mitosis 

Meiosis (Arsenty) 

Meiosis (Porch) 



X 
X 
X 



X 

R 
on 



X 

R 

X 

on 



Embryology ^ 
piant Life Cycles 
, Hormonal 'Control of the Menstrual Cycle 



requestrequest 



X 

+ 

X 



X 
•X 
X 



R 



7. Vocabulary Drills for Genetics — P^rt 
Vocabulary Drills for Genetics — Part 
Elementary Probability and^ Mendel's Laws 
Blood Typing 
Genetics and Heredity 
Dr o sophi la^ e^e tic s 
Genfe Mapping in Diploid Organi^s 
Plant Geneticis Problems 



X 
X 

X 
X 
X 



X 

R 

X 
X 
X 
X 



X 
X 

k 

R 

X 
X 
X 
X 



X 

^ X 
X 



Natural Selection 
Natural 3electiLon Experiment 
Comparative Serology 
Induced Mutations Experiment 
Genetic Drift ' 




X 
X 
X 
X 



Biogeochemical Cycles 

Energy Relationships in Biological Systems 

Predator-Prey Relationships 

Buffalo — Animal Population Experiment 

^pulation -Dynamics^ r 

Populations Laboratory Using E. coli 

Stationary Phase of Cell 'Growth 
^La^ Phase of Cell Growth , 

Death Phase of Cell Gj^owth 

Population Genetics — Demonstration of 
Inbreeding 

Population Genetics — Hardy-Weinberg 
Population Genetics — Quantitative 



X 
X 
X 
X 



R 



9. 



X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 

on * 
request 

on' 
request 

on 
request 



X 




X V 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 








X 




X 


X 




X 


X 


X 


X 


X 


30 ' 


30 



t 



, TOTAL NUMBER OF Lf^SONS AVAILABLE ^ 



16 ^ 



22 



32 



^Lessons included in.biology catalog; numbers refer to position in the index. - 
+ Lesson available but without microfiche 

R Ri^vised version in use i . • " . 

. :j3 



APPENDIX 6.3.4 



# lessons 
completed 



' SAMPLE 


SCATTER PLOTS ^ 


in-class 


j .'Put of class 


usage* 


■ usaq^ 


2 


1 , 
1 ' 






3 " 
♦ 

•! 





# days 



^This could include some outside usage if student had to 
' make up a missed session, 

— = 50% of lessons available to the students 

= # of scheduled sessions, tim^ reserved for class 



Quadrant #1; 



Students used extz^a sessions on their own time to complete 
more tha.n 50% of the lessons. ♦ 

Po^pKle Explanations: ^lessgns assigned, students highly, 
motivated, extra credit, attendance graded. 



Quadrant . #2: Students were able to complete over half, the^ lessons during 

scheduled times, ' 

Possible Explanations: lessons too easy, too few made available 

students very well-prepared, • 

Quadrant #3: Students did not complete lessons but did not utilize timd 
allowed. ♦ * 



Possible Explanations: lessons, were not assigned, used for ^ 
enrichment, students not well-prepared, 
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Sample Scatter Plots 



(continued) 



Quadrant #4: Students required extra sessions and still were unable to 
complete lessons. . » 

.: ft . 

Possible Explarfatidns: lessons/too hard., too many lessons 
available, high student motivatkctif^ 




If. Quadrants #1 andi#4 aire large it iinpiies ^ that the. teacher relies 

mainly^on independent usage. Large Quadrants #2 and #3 indicate 

'that^'the teacher intends for usSge to occur in scheduled sessions. 

1 : ■ ■ 




/ 4, 




0 , 5 

NUMBER OF DAYS 



-(2) 




■ (1) 




- (3) 




- (6) 




-(4) 




- (4) 




- (2) 




- (1) 




- (1) 


PR 






- (2) 




- (2) . 




- 0 




-•0 




-0 




-0)' 




- (2) 




- 0 ■ 




- (3) 




-0 





Biology 1 1 1 Instructor #B 35 students . 20 lessons available 



20- 



15 — 



o 

UJ 
H 
UJ 
_l 

Qu 

O 10 — 

U 
• CO 

z 

o 

CO ^ - 
CO " 
UJ 

-J 

o 
a: 

UJ 

00 

S 
z 



5r 



2« • 



f f f 




"I — I — r— 1 — I — p^r — I — I — T 
0 5 . 10 ' ^ 

NUMBER OF DAYS • ^ , 

•Biology 111 Instructor #2 40 students 18 lessons available 



^3 



25- 



20- 





15- 


o 

liJ 




»- 




liJ 








Q. 








CO 


10-^ 


0) 




z 




o 




0) 




0) 




UJ 




li. 




o 


q: 




UJ 
OD 




2 




3 




z 





I 
I 



• 2 



• 2« • 

3« • • 92 •Z • 
•2 • 

2« • • 

2«2«^<2«. « 92 • 



V ■ 



T — r 



0 . 5 10 

- NUMBER OF DAYS 



r"" ' "/ ' — I — I — I — I — I — p-ji — III — I — I — I — I — I — I — I — I — I — r-~ 

0 h 15 20' 25| 30. 35 



(2) 
ho 
0 

(I) 

- p 

- (iV 

- 0 5 

-d) 62 

- (I) 

- (I) 

- (2) ' 

- (3) 
-(3) 

- (5) 
-^(5) •' 

- (3) » , 

- (6) 
-(•10) 

- (3) 

- (4),' 

- (li) 

- (I) 
(3) 



Biology 101,(2 sections) .Instructor #3 67 students. -32 leskons available 



20 



• f ,5- 



q: 

o 10- 
o 

Z' 

o 



a: 

UJ 
GO 



* ^ ' I ' l - ' ' ' ,L I ■ ■ ■ ■ I 

5 , gflO , 19 
NUMBER OF DAYS 



--r--+-"^ 




-n-T — pn — r— T- 
- 0 20 25 



T — I — I — |— f — I — I — r 

30 ' 35 



22. 



-,(2) 
-(3) - 

(5) 
h (6) * 
(5) 

- (I) _ 

"(1)"" 9 

- (I) 

- 0 
(I)' 

I- (2) 
(4) 



Q Biology 102 Instructor #1 31 students . 11 lessons available 
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20- 



15- 



o 

V) 



o 
a: 

UJ 

z 

.3 



5 ^ 



•2 i 2« 



"(16) 
- (7) 
(3) 

h (2) 
(I) 29 

0-^ 

0 6 

0 

0 

(3)' - 



2« • 

I 



' T ' ' ' ' 
0 . ^ 

NUMBER Of* DAYS 



"1 ' I r-TT I I I I I — I — I — I — I — I — I — I — I — 3 — I I ■ I 
10 .45 20 25 30 



Biology 112 Instructor #1 35 students: 10 lessons ^available 



I I I (3) 
35 



20 



ERLC 



15- 



10^ 



CL 

o 
o 



xu 5- 
o 

a: 

UJ 
CD 

z 



• 92 



I 

. i . , 

3# 2« • 92 



• 3 . • 



- & 



~| — I — r — i—n — I — 
. . 5" 10 

NUMBER OF DAYS 



I ; J , 1 — I — I — I — I — I M., 
25' 30 











- (1) 




- (6) 




(4) 






17 


-(6) 


30 ' 


-i3) 




- (5) 




- (6)- 




- (8)- 




-(2) 





(2 sections) • Instructor #8 47 'students 1i:iessons avaia^able 



A^J>ENDIX 6.3,5 
STATISTICAL TEST ON COURSE USAGE DATA 



Factorial fi^d affects of anal:5jsis of variance (unWeighted'.mean*s) - 



Source • 
f 

Main Effect 
.^y^ar 
^■group 

Interaction ' 

Within Celils- 



df 

1 

T 

• 1 

50 



M,S, 

8.21 6£f 
100.122(3 

3.6960 

9,4053 





1 




error d:^ 


F 

C; 


. . P 
f - 


> ^50 


' ^€.87 


0.354 


50 


10.65 


; 0.-002 


50 


0,39 


0.534 



Group affect accounts for 1.7% of sample Variance. 

'\ * ' ' . " ' "■ ' ■ 

Theife ^.s a^ significant difference between the number of 'scheduled PLATO sessions 



;for 101-102 classes and for 1 11-1 12 classei§ ov.er 'two setnes'ters. 
Ntjmber^of scheduled sessions --^Spring 1976 ; - 



101-102 = 8 



u 111-112 N^^ = 20 



t'(26) = -2.367 



t this large or larger could occur by chance with p = 0.0257. 

Confidence intervals for difference in population means: ^ 

- .90C ' -5.893 to -0.957 
,95c -6.399 to -0^'45l- 
. " .99C -7.446 to 0.596 



Mean, = -3.425 
dif 



rpb = -0^4211 » ' . ' 

'1.7.7% of Sample variance is accounted for by this effect 1 \ 

14.1% of population variance is estimated to he accounted for by this effect. 

415.000 
2142.000 





mean 


s.d. 


n 




Group I 


6.375 


3.583 


8 


\ 51.000 


Group II 


9.800 . 


3.412 


^ 20 


196.000 










• • > 
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\ 

i ■ Statistical Test on Course Usage Data 
(continued) 

Number of scheduled sessions — Fall 1975 

c 

101-102 N = 12 111-112 N = 14 

. . 11 / 

t(24) = -2.291 . 

t this large or larger could occur by chance with p = ,0310. 

Confidence intervals for difference in population means: 

.90C -4;055 to -0.588 
i{ .95C -4.412 to -0.230 Mean = -2.'321 

.99C -5.155 to 0.512 . " ' ' 

i,-' ' : rpb = -0,4237 * I 

17.9% of sample variance is accounted for by this effect,^^ 

14.1% of population 'variance i^ estimated to be accounted for by this effect 







mean 


s.d. 


n 




• Tx2 


Group 
Group 


I 

II 


7.750 
'10.071 


3.049 
2.093 


12 ^ 
14 ' 


'93.000 
141 .000 


• ' 823.000 
1477.000 



APPENDIX 6.3.6 ■ ]r 

JuESSON USAGE BIOLOGY 
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KEY TO BIOLOGY APPENDIX 6.3.6 



Lesson: ' The descriptive title of the lesson; numbers refer to position 
in the biology catalog index. 

# Students: This number is derived from course usage statistics • and includes 

those students who used PLATO for greater than ten mlnT%s. 

# Minutes: The number of minutes that these students- Studied thi^ lebson. 
Average Total Time: 

# Minutes 

# Students ""^^^ greater than ten students used the lesson. 

Grand Total Time: Total v^ime spent in actual i^istruction by ku. Students . 

Normally this value is 75-80% of course usage values because ■ 
time involved in routing to the lesson and routing within the ' 
lesson (e.g., indices) is not included as lesson' usage. In . - 
_ . cases where this value is less than' 75%, data. was lost (e.g., " 

no datafiles were attached to courses, data collection options ' 
, "^^^ to "off" within courses, or data commands Were faulty 

within lessons). " Five of the biology courses and five of the , 
biology" lessons were affected by such losses . 
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(continued) ^ 
LESSON USAGE —BIOLOGY 101-AND 1 1 1 , SPRING 1976 



Lesson 



# Students # Minutes 



Average 
Total Time 



1 . Tools Used* in Biology 
Experimental Technique 
Life -in a Microcosm 

2. Simple Chemistry I 
Simple Chemistry II* 

3. The Ultrastructural Concept 
\ Cells ; — Structure and Func1;ion 

^ Diffusion and Osmosis ' 

Introduction to Water Relations 
Water Relations Labolratory* 
Surface ^ea/Volume in Living Systems 

' ^ , Cell Growth 

\ ? ^ . t ■ 

4. ; Mitotic Cell Divisiont ^ 

Mitosist ^ ) 

Meiosis (Arsenty) t 
Meioais (Porch) ti 
Embryology*t 
. " Plant vLife Cycle st 

Hormonal Control] of the Menstrual Cyclet 

• • " : \-- 

5. DNA 'and Protein Synthesis 

DNA, PNA,. and Protein Synthesis 



Enzyme Experiments 
Photosynthesis* 
^ ^ Experiments in Photosynthesis* 
y Essentials of Photosynthesis 
ATP, Anaerobic, and Aerobic Respiration 
Electron Transport Chain ,^ 
Measuring the Level of Life 
Respiration and Enzymes 
Experiments, in Respiration 

7. Blood Typingt 

Drosophila Geneticst f*- 







37 


1 1 ' 


340 

"J t 


1 


18 


228 


13 


214 


17,;306 


81 

mmmmmm 


i 


d>d84 


A 36 


260 


13,793 


53 


O O A 


9, 445 


41 


5 


76 






791 


. - 
14 


1 5 


861 


57 


76 


3,319 


44 




1 , bb 1 


41 


1 


32 




V 


36 




18| 


210 . 


19 


27 


2,892 


107 


49 


2,085 




32 


929 


32 


7 ^ 


267 




150 


2,318 


15 


187 


5,041 


. 27 


122 


2,885 


24 


57 


1,236 


22 


62 


2,858 


46 


6 . 


66 


t mJmmmm 


2 


19 




•5 


39 





1 



ERIC 



*quantitative data not available 

ttopics not usually treated in this curriculum 
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^ (continued) 

« 

Lesson-Usage Biology 101 and 111, Spring 1^76 ^ 

^sson . . # students # Minutes 7^^^^^^^ 

^ ' . . Total Tune 

, ■ 

-Plant Growth. ; ^ 29 336 " 12 

Plant 'Responses and Apical Dominance* — — 

Flowering and Photoperiod* w. \ 

Fruiting and Leaf Senescence* - — 

, Enzyme-Hormone Interactions* ^ - -^^ 

Organization of the Higher Plant ■ 24 • 423 18 

ADH and Water Balance in Humans ^ '13 ' 259 y 20 

^Neuron Structure and Function 20 618/ 31 

Human Digestiv^ System 130 8,102 62 

The Heart* . ^ 

Cardiac Cycle ' ,79 3,367 43 

Heart Rate Regulatory Mechanisms • 35 1,695 48 

Mechanics of Breathing* . . ^ 

Elementary Psycho-physiology of Audition^' 13\, 1,395 107 

Physiological Basis of Learning 18 '^-v. 550 30 



GRAND TOTAL TIME: 94,350 minutes or 1,572 hoiirs . 

TOTAL # STUDENTS: 566 students, 466 of which had datafiles attached to 



coiarse 




quantitative data not available 



■i (continul^) 
LESSOlSKUSAiSE ~ BIOLOOT 1 0aJkAND 112, SPRING 1976i 



Lesson 



# Students # Minutes ^ft^I^f^^^ 

iTotal Time 



1 . Tools Used m Biologyt \ 




7 


57. 


. — — — 


Life in a Microcosmt* 




7 


58 % 




3,. Cells — Structure and Functiont 




5t ' 


1,903 


37 


Diffusion and Osmosist. 


• 


• 13 


349 


ii 


" Cell Growtht 




8 


452 


- — 


4. Mitotic Cell Division 




130 


6 394 


49 


^""tlitosis- 




210 


7,868 


37 


Meiosis (Arsenty) 




171 


6,279 


37 


Meiosis (Porch) 




27 


2,311 


86 


Embryology 




171 


7,035 


41 


Plant Life Cycles t 




88 


4, 766 


54 


Hormonal Control of the Menstrual 


Cycle 


199 


14,110 


.7'1 


5. DNA and Protein Synthesist 




159 


9,079 


57 


DNA, RNA, And Protein Synthesist 




61 


1,319 


22 


6. Essentials of Photosynthesis*t 










?• V(>cabulary Drills, for Genetics — 


Part I 


144 


4,097 


28' 


Vocabulary Drills for Genetics — 


Part II 


38 


843 


22 


Elementary Probability and Mendel 


s Laws 


.70 


2,860 


41 


Blood Typing ^ . 




32 


643 


•20^ 


Genetics and Heredity 




189 


5,888 


31' 


Drosophila Genetics 




115 


5,472 


• .<48 


Gene Mapping in Diploid Organisms 




. 29 


' 1,820 


63 


Flant Genetics Problem^ 




, 36 


' 1,442 


40 


8. Natxiral Selection 




35 


1,547 


44 


Natural Selection Experiment 




27 


709 ^ 


26 


Comparative Serology 




• 10 


243 




Induced Mutations Experiment 




10 


118 





-•♦quantitative data- notjravailable 
ttopics not usually treated in this curriculum 



. 332 . 

V • ' (continued) / 

. • . . . ■ •.. .-/- i •. . : 

/ . ^ Lesson' Usage — Biology ^02 and 112, Spring 1976 

, Lesson . # students # Mifttttes j^^^^^^^ 

• , ' Total Tune 

9. Biogeochemical Cycles 

Energy Relationships in- Biologicjal Systems 

Predator-Prey Relationships, 16 " 241 15 f 

Buffalo ~ Animal Population Experiment 7 • . 49 / 

Population Dynami<:s 
Death Phase of 'celJb Growth 

10. Seed Germih^tiont 
Plant Growtht, 

Plant Responses and Apical . Dominancet 
'Flowering and Photoperiodt / 

13. Human Digestive 




50 


1,110 


22 


35 


985 


28 


16 


241 


15 


7 


49 




7 


23 




4.. 






V ; 


16 




1 


4 




1' ' 


. ^. . 28 




2 


60 




1 


12 





GRAND 1€)TAL TIME: 90,237 minutes or 1,504 hours 

TOTAt # STUDENTS: 365 students, ^01 of j/hich had datafiles attached to 

course 

■ / ■ ' ■ 




\ 
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(continued) 

LESSON USAGE — MISCELLANEOUS BIOLOGY COURSES > SPRING 1976 



Lesson 



#• Students # Minutes 



^e^c 



Avet age 
Total Time 



oxmpxe une^j-suxy x 


"3 T 


O 1 D 


» 1 


Cells — Structure and FuiKrtion 


Z 






,113 


3,728 


' 33" 


Diffusion and Osmosis , » ^ 


61 


1,391 


23 


Surface area/Volume in Livi^ Systems 


23 


>842 


.37 


Cell Growth 


20 


625 


31 


Mitotic Cell Division 


21 


482 


23 


Mitosis ^ 


14 


215 ^ 


15 


Meipsis (TVrsenty) 


11 


161 


rs 


Embryo Ipgy 


li 


190. 


17 


Plant Life Cycles 




1,566 


87 


DNA and Protein Synthesis ^ 


*19 


lie 


41 


DNA, RNA> and- Protein Synthesis 




'624 " 


44 


Essentials of Photosynthesis 


1 • 


2 




ATP, * Anaerobic and Aerobic Respiration 


11 


16-1 


15 


Electron Transport Chain * 


4 


71 




Measuring the Level of *Life 


1 


45 




Respiration and Enzymes 


2 


30 




Vocabulary Drills for Genetics — ■ Pai't I* 








Vocabulary 'Drills for Genetics — • Part II* . 








Elementary Probability and Mendel's Laws* 1 








Blood* Typing 


23 


458 


20 



Genetics and Heredity* 
Drosophila Genetics* 

Gene Mapping in Diploid Organisms* — 

Plant Genetics Problems*; ' 

Natural Selection Experiment 4 

Induced Mutations Experiment 2 

Seed Germination 1 

Enzyme-Hormone Interactions 3 

ADH and. Water Balance in Humans ^ v11 

Neuron^Structure and Funct-i'dn 5S 
Hormonal Control of the Menstrual Cycle , 41 
Human Digestive System 
The Heaift* 

Cardiac Cycle 2V 

Heart Rate Regulatory ^Mechanisms ' 12 

Mechanics of Breathing'^ij _ .. ^ — ^- 

filamentary ysycho-physidlogy,:jOf Audition 2 

Physiological Basis of Learning ' 5 



61 
12 
34 
31 
325 
2,455 
'4,178 
3,877 

632 
514 

^ 259 

. 30 



30 
, '46 
.102 

90 

30 
43 



/ 



.^quantitative data not available 



^51 
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^continued) 



Lesson Usage — Miscellaneous Biology Courses, Spring 1976 



<3RAND TQTAL TIME: 



TOTAL # STUDENTS: 



24,503 minutes or 408 hours 

Si. ' 

243 students 



r 



A 



^5^ 
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APPENDIX 6. 3. -7' 
.ON-LINE QUESTIONNAIRE 




ERIC 



How would^cu r^-e the DIFFICULTY ,6 f t'h is lesson? 



3 



1 - very difficult. ^ 

2 - difficult 

3 - . j.u^st right 

4 - easy - ( - » 

5 - very easy . 



- V 



Pre^ss the NUMBER correspond ins* to your choice*. 



1 ^ 



ERIC 



1 



Did you r-squ. i re RSb I bTRNCE .du.T- 1 ng t h is pi at o ; sess i on ? 

. ^ M - Yes, I had problems • with th^ TERMINRL . 
/ ''(keyboard, excessive, red li^ts, etc.) N^, 

2 "^''Yes,'.! needed help answer i ng quest i ons- 
or understanding PLRTO's ii^t ructions.' 



( 3 



4 



Yes, BOTH 1. and-2 above. ■ ' j?' . 

Yes^ but NO ONE iaic:s available -to help; me. 



No. 



Press the NUMBER ..corresponding; to .your qho.ice. 



ERIC 



■ r 



How w^rsre you. PREPftRED for tlSis p'la.to session'^' 

1 - "^Msv t<i5.cher ^gaVe a lecture on this.' topic. ' 

■• ' • ■ • ^ . 

I 'did assigned reading about 'this topic. 
BOTH 1 and 2^bove. • .-^ 



o - 



'4 ~ None oLJ^tie above, ,BUT I was already 

familiar with 'this.- topic on rny own'/ — 

5-1 was not ^^a^lri 1 iar ' with t hi s/t dpi c before 
this plato session. ' 



. Press the NUfiBER ■ corresp-^T^dih^ to^ your choic<5. ^ 
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■:-/ 



■ ■ ■ . \ 

How., would you., rate PLATO 's presentation of THIS 
MATER I HL relative to ot Her learning or teaching 
aicls such as books, 'sjlides,. f.ilms, tv" or tapes?' 

• ■ ■ 

1 - excellent, the best . ' 

2"'- better than some other, a ids 



4 

5 



no' better or wiorse than-- '.other aias ' 

\ 

J 

worse than some otlTier aids * ' / 

. ' ' / 

• \ ■ \ ■■ 

ver--/' poC'T"'. the worst ' . ^' ^ 



f he- NUI':BER " corr esp ond i ng to, your^ cho^i ce . 



\ 



f 



il^WI^Y are "you here now? . 

.1 - I. am IN CLRSS doing a required assignment. 

■ 2. - i am IN CLRSS, but this session is optional. 

3-1 am NOT cl as'^ii, TT'-'W > t)U t t h i s . i s a 
• .REQUIRED RSSIGNMENT. - ' • 

4 - I am NOT in class now, and this is -an 

OPTIONRL RSSIGNMENT. 

" ■ . ■ ".A 

5 - I '.am her-e entirely on my own. 



Press, the NUMBER correspond iing to your choice. 



ERIC 



4' 




t harJ'.s ,. her r i ck ! 



If you have any COMMENTS to make about • this lesson 
or PLftTO in general, press NEXT hgrtAi to write them. 



Oth-^rwise, you can -press DRTR to le> 







JO J 




ERIC 
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APPENDOEX" 6.4. 1 . 
» INDEX OF LESSONS 

General Chemistry Index 

Basic] Skills 

/introduction to the PLATO Keyset 

Short Introduction to the Keyset • . 

Review of Math Skills for Chemists 

Lpgarithms , 

Use of the S^de- Rule 

Scientific Notation 

The Metric' System 

^^etric Conversions (CCC) 

The Mettler Analytical Balance 

Density, Mass, Volume, and Specific Gravity 

Elements and Atoms 

Names of the Elements 
Elements Game 

Properties of the Elements (^ouch) 

Atomic Number and Atomic Mass 

Valence Electrons (touch) 

The Aufbau Principle (touch) 

Writing Electronic Configurations (toucl^) 

Compounds - ' ' 

Nomenclature Rbles and Drill (Moore) 
Nomenclature Drills (CCC) t 
Nomenclature Drills (Smith) 
• Ionic Nomeficlature (Grandey) 
Covalent Nomenclature (Grandey) 
Writing Formulas for Ionic Compounds 
* Ionic Bonding ' . 

Coyalent Bonding ^ 
* Lewis Structures and Chemical Bonds 
Development of the^Atomic Theory 
Molecular Weight Determinations 
Formulas and Percent Composition (Chabay) 
Percent Composition Problems (Grandey) 
Percent Composition Problems (CCC) 
Oxidation Numbers (CCC) 

Equations and Stoichiometry 

Balancing Chemical Equations (Grandey) 
Balancing Chemical Equations (Smith) 
Oxidation Numbers and Redox Equations (touch) 
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Index ofy Lessons 
(continued) 



Equations and; Stoichiometry (continued) 
Acid-Base Equations (touch) 
Mass and Mole Conversions 



Calculations with Equations (Chabay) ' 

Calculations with Equations (CCC) 

Calculations with Equations' (Ghesquiere) 
Stoichiometry Quiz 

Gases ^ ' / 

^^^jj^^e Gas Laws (Smith) ^ / 

. The Gas Laws (CCC) , ^ - 

Ideal Gas Law Derivation Experiment 
Kinetic Molecular Theory of Gases 

* 

Solutions , 

Concentration of Solutions (Chabay) 

Solutions: Molarity (CCC) 

Solutions: Normality (CCC) ' 

Solutions: Percent Concentration (CCC) 

Dilution Problems (CCC) 

Freezing Point Depression Experiment 

Acid-Base Reactions and Titrations 

^ Acids and Bases in Water . . ' • ' 

^ Use of a Buret (microfiche) - ^ ^ ^ ^ 

Introduction to Titrations : ■ 

Introduction to Titrations (micro.f i)i?|i'e) 
Acid-Base' Titration Experiment 
pH and Titration Curves (Ghesquiere) 
Shapes of Titration Curves (Valparaiso) 

Advanced Topics 

Chemical Equilibrium (Chabay) 

Chemical Equilibriiom and (Chabay) 

Chemical Equilibrium Problems I (Ghesquiere) 

Chemical Equilibrium Problems II (Ghesquiere) 

Kinetics (Graiidey) 

Kinetics (ISuf 

Heats of Chemical Reactions 

Inorganic Qualitative Analysis 

Nuclear Chemistry 

To be released shortly: 

Significant figures arid rounding 
pH 

Dalton''s law erf partial pressures 
Periodic tabl^ trends 

Conversion factors and Dimensional Analysis 



/ 
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Index of Lessons 
(continued) 

• Organic Chemistry Index 

Introduction to the PLATO Keyset 

Naming Organic Compounds *^ 

Writing Structural Formulas v'. , • 

Names of Organic "Punctiortal ,Groups ^ 

Conformation of Alkanes 

Bonding in Carbon Compounds * 

Lewis Structures and Chemical Bonds 

Optical Activity in J Organic Moledules . 

Alkene Chemistry 

Alcohol Chemistry ^ ^* / 

Substitution and Elimination J^^eact^ons 
Additions to Carbonyl Groups 
Reactions of Ajfaehydes and Ketones 
Arene Chemistry ^ ' 

Carboxylic Acids — Part I ' 
Carboxylic Acids — ^ Part II (Esters)^ 
Carboxylic Acids — Part III 
Synthesis pf Aromatic Compounds 
Aliphatic /Synthesis Game , - . • 

Intertermxnal Synthesis Game. 



V 



1 
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APPENDIX 6.4.2 

GENERAL CHEMISTRY USAGE BY CLASS AND COLLEGE FOti SPRl't^G 1976 



College 



School .#1 



/ ■ 



Total 
School #3 



Total 
School #4 



Clafes 

1 

2 
3 
4 
5 
6 



1 

2 
3 
4 

5 

r 6 

7 



1 

2 
.3 

,4 
, 5^ 

6'^ 

7 

8 . 

9 
10 
1 1 
12 
13 
14 
15 
16 
17' 




Students 

33 
26 
, 15 
18 

. 4€ 

'25 

161 

22. 
^ 34. ^ 
, 25 
. 27 

27 

20 

16 . - 



Total 



171 

10 
18 
28 
^28 
38 
34 
20 
33 
24 
37 
23. 
24 
29 
22 
29 
^37 
26 

4^0 



Total- HovCrs 

316,8 
353,6 

70.5 
2 05,2 ^ 
110,0 

42,5 

1 ,098.6 

125/4 
336,6 



162. 

70, 
151. 
102, 

4'6. 



994.3. 

61 .0 
64.8 
252.0 
394.8 ^ 
' 163.4 
397.8^ 
160.0 ^ 
290.4 
^T5^4 
347.8 
50.6 
'36.0 
40.6 
.143.0 
55,1 
262.7 

2,/990.2 



Hrs/Stud 

. 9.6 
. 1'3,6 
I . 4.7 
11,4 
2,5 
1.7 



/ 



5.9 

5.7 
9.9 
6.5 

5.6 

5.1 
2.9 

5.8 




General Chemistry Usage by Clasfe and' College 'spring 1976 



(coiTfeLnued) 



c 



ColJ.ege 
School #5 



Total 
GRAND TOTAL 



Class 


Students 

^ ■ * ■ 


Total Hoixrs 


Hrs/s\ud 


.1 ' ' ' ' 




319.6 


9.4 




• ^ 4.0 


308.0^ 


7.7 


3 ' 


^7 f . - 


284.9^ 


\^ 7.7 


4 


26 


150.8 


5.8 




21 


46.2 


2.2 


6 * 




15.4 


2.2 


7 - . 




182.4 


9.6 




A<976 " ^ 


1 ,307.3 


6.4 


37 


6,390.4 


4> 6.5 



Notes: 



The negligible differences (less than 1/4%) ''between the usage reported in 
this' tablfe and the usage reported in the subject usage table can be totally 
attributed tp the accumulation of'^ a round-off error in the tenths -of an hour 
decimal place. - , 

Recall that the manner in which PLATO was used in each class was left . 
exclusively to the discretion of the instructor and'^fLs/her depar,tment. 
As a result, one would /expect considerable differenced in the amount of 
use per course^ Consequently, it/ would be erroneous to consider only, usage 
figures in comparing ef f ectiveness^^among classes or schools . 

d . 
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APPENDIX 6.5.1 

LARS CURRICULUM BY TOPIC 

.9 . ■ 



Grammar 



Sentence Fragments) 

Run-on Sentences 

Sentence — Capital and Period 

^Semicolons and Sentences 

Subject -and'yerb Agreement, Basic 

Subject and Verb Agreement, Intermediat 

Subject anti Verb Agreement, Advanced 

Pronoun -Case * • 

Pronoun Number ^ 

Relative Pronouns \ ^ 

I^resent Tfense ; 
, Past "tense 

Future Tense 

Present Perfect -Tense 

Confusing Verbs "Lie/Lay" 

Confusing Verbs "Raise/Rise" 

Confusing Verbs "Sit/Set" 
, Irregular Verbs / 

Dangling Participles 

Infinitives 

Gerunds and Gerund Phrases 
Double Negatives. ^ 



Punctuation 



^ Singular Pq^sessives 

Plural Ppssessives 

Comma and ^introductory Phrases 
: Comma and Introductory Clause's 

Comma and Conjunctions- *^ 

Restrictive/Nonrestrictive Clauses 

Conttnas and Appositives ^ ' \j 

Comma and direct 'AddresS: 

Commas wit;k Pa2?enthetical Expressions 

Co^a w^th Too 
. Comma with Tag Question 

Coffimas Used in Series , ^ 

^Indirect Quotations 

Direct Quotations 

Split Quotation^ \ 

Semicolons in a Series 
•» * 

Capitalizing ",1^" Names a^ Titles 
Contractions ^ • 
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LARS Curriculiim by Topic 
(continued) 



Usage 

Using "it's" and "its" 
'Using "whose" and "who's" 

Using "their," "there" and "they' 

Usihg "your" and "you're" 
fusing "to," "two"' and "too" 

Confusing Word Pairs 

All *right/Air ready /All together 

Spelling. ' 

^ '^'V Plurals " ^ 
"ES" Plurals ./ . ' V 
"Y"^ Plurals" 
"O" Plurals 

Plurals ; , c ' 

.^gular Plurals ; . 
Vowel Chang iillr Plurals " 



V 




APPENDIX 6.5.2 

■3 

INDEX OF N0HrLARS LESSONS 



Capitalizatior^ 

>. * 

Common and Proper Nouns 
Capitalization Diagnostic Test f 
Capitalization of Names and Titles 
Capital izliition 'II 
Cap i t a 1 i z atibn^I I 

CompofeitlCfn 

' . • '* ■ 

Assembling Sentences and Paragraph 
. Verb Quiz and Theme Revision ^^ymbo 
Topiq Sentences A 
Irrelevant* Detail^ in Paragraphs 



Editing 



Editing'^ Paragraph' I- 
Edi^tlng a Paragraph II 
Editing a P^aragraph III 
Editing a- Paragraph IV 
Editing a Paragraph V 
^diting 'a Paragraph VI 
adtting a Paragraph .VIP: 
^''■Df reading" * " ' - ' 




G'femmar ^Index 

Parts of Speech • - 

Test on 'Grammar and U'sage 

dofcplete Sentence 

Recognizing Seritehces 

Subjects and Predicates, . 
. Sulpjeet^i .Verb', -Complement 
; S^^^i^t-Verb Agreement' I / ' 
\SuJ^ectrVerb Agreement II ' 

Pronoun-Verb Agreement 

Pronoun Agreenleht 

Pronouns ' V • ^ 

Possessive an^ Subjective Pronouns 

Verbs, Basic 

Verb' Tense I ^ » 

Verb Tense pll ... ■ 



J 



351 



mm, 



Index of Noji-IARS Lessons 
(continued) 

: 




Grammar (con1:inued) 



I , 
II 



\ 



Subjunctive 

Passive Verbs ; ^ i 

Irregular Verbs 
Irregular Verbs 
Irregular Verbs III. 
Irregular Verbs IV 
'Irregular Verbs V 
Copulative Verbs 
.Verbs and Verb Phras 
Prepositional Phrase^^-- , ' , 
Dangling- Participles' and Misplaced. Modifiers 
.Infinitives ^ ^ 

. i3erunds • 



Double. Negatives 
-e^pirect and Ii%di.3:^ect Objects 
\ ,Who and Whom 
\Noun Clauses 
^.Adjective Clauses 

Adverbial Clauses 



Poetry 



'"^ Poetry Analysis. 
Poetry. Composition 
Rhyme 



Piinctuati'on 




Punctuation Diagnost:^c Test , - 
Commas and Periods ^ ■ '/y 
Commas andv Semicolons ' _ ^ V 
Commas with Nonre^trictiyes- Is 
Commas with Nonrestri^ctives II 
Semicolons I ^ 
Semicolons K 

^emicolons III r , ^ 

Quotations If . , " 

^ Quotations'* II . 

Quotations III , 
Quotatioi^s with ^Changing Speakers 
Direct Quotation^ I* ^ . , 

Direct Quotations 11 
Direct and Indirect Quotations. 



ERLC 



Index of Non-IARS Lessons 



*| * (cpntinued) 



Research ^ . 

^ ^ ' V Bibliography ^ 

'"''K^ ^ Dictionary / . " .-^ 
Footnotes -x . 
I^ootne^tes i^^enn Paper's 

Spelling ^ j, . 

- " . /. • . ,. \ 

- .^*5pelling^Diagnostic Test 
Pogsessives ./ \ ' 

. *' oPbsse'ss^;Ve ^Foms' of^ Jft^xms 
Spelling Brill ^ 
• 7^ Spelling Cortrectior^ 

' ; spelling "c" WbrdsX^ 

Consonant Symbols • * 

V ' gyllabication .and Accenting 

» Plural Nouns ' 



Usage 




Usage Diagnostic Test - 
Correct Usage . / - ' 

^pmmonly MisuS^ed iWords 
Troublesome Homonyms 
iliz>monym Puzzle » 

• Word Confusions -I 
Woxd 'Confusions M 



Vocabulary 

• , » •Vocabulary'' 1 - 14 

• / . . . '^Vocabulary 15^- 23 

J . * ^ Mi'Scellaneouis * ' ' 

, ^ ' ■ ■ ' v^ ■ . ■ , \ ' 

... ' Analogies ^ . 

■ ^ / • . Sjjel ling ^ Game 

, • ^ Hangman Game. , . 

>,v^ ydjacek, Index / 

>w ' . ' ' Reasbning'^'Ai^^^'' 



: APPENDIX 6.5.3 ■ 



SAMPLE STUDEN* NOtIs ^ . ' " ' ' . 

Excerpts ^^dm a note collecting pr'ogr am -which , allows both student 
^^nd instructor to^re^rt errors smd comment on the various less^ins which 
-are pdrt of the Lan^guage "Arts Roi^ting System. . ' ' ' - " 

Stu(Sei%i ;i liked it a Ipt, . i^ was .helpiul^ > , • 

Student — Wonderful ' . / \ 

: • • . ■ \, ■ ■ . . ■ . . 

student — PLATO is a -wonderful thing to have. ' ' » ; 

Student ~ I think that, PLATO is good and' that ^very home should have one.^',' 
Student (Response) — At. no cost. * ■ * * i 

Student I think PLAip i^^very educating, and a'lso a lot of fun,- r I am \ 
taking' Ac count i^''^. and English 'and T have learned a great deal 

. - of both;' If anyone is readihg my letter 'Hi ' and have a. nice day. 

Staff - (Response) ' ~ Hello, — . People do indeed ' read fet\ident note^. 

, , ; I .hope you are enjoying PLATO. you have: any problems .or',' 

questiortE, ask theiji^ere and wejll see what carf done. 

•\ ^ / . ■ ' : ■ . % . ' ■ " 

Student'— Hi everyone; how's life. l just finished a, les^son on p)m.ctuation 
and I did good at le^t thats what, PLATO said... Thanks 'fcir your ^ 
* , . response. ' I am learning a lot of things I ' coulcj^r' t iinders'tand . - 
% }^^^ore. - Well. I talk -too much so'byl for now and I<kidpe you ;and- V 
/ e^>ferybody ^Ise bettei: in their work. . ' '""'^ 

Staff /Response) — Thank /ou ^ " . ' / " " ' w 




Student ~,Some ^i^^^^ ^^^^ ^ °^ smack.. It's to repati6us. 

Student ~ i like^^.the 'way . pCatO drill's you. on the- pronouns and etc. Also I. 

•like , the way )ig adds "his kittle touch- of humof. ' r " i ^/ 

Instructor — Two Jbf senfc frag diag .questions call for distinguishing between 
• / rest'riative ,and norirestrictive phrases. This l>as nothings to do . ^ 
'V.^^;^^ .^'^^^nition o^ should, perhaps be omit^ted. Take'-out 

\\ : -the s'fe^tence with wrbn^\ internal punbtf^ F'rags after 'semicolons - 
alsb confuse •the issue, I thin^k.' i know porirecti^g this/would be 
di^astic. > ^. \ > 




3134 



Staff (R^jsponse) — Thanks for the posi 
_ ^rors. This exactly the t 
'i-boked.for and appreciated. 



StudejT^ 

Ik • 




criticism. Will correct the 
f comment/observation that is 



tha^] 



s you can^ see thap^I enjoy 
d this machine that' they 



I think this a wonderfi\l mac, 
it very much. I hope who ©ver i 
will keep up the good work. 
Student #1 (Response) — Dear PLATO, L think your way of teaching is^ really 
fantastic. I am suire^I will learn 'a great ^deal frbip ybii.. I sure 
hope I can use you in some of my future classes. 

Instructor — This program rea^LARSQEMO Word' Group; it was , very confusing. 
/ Staff (Response) — I believe I 'Vo .fixed this bug. Please report it again 

if you encoynter it. A^d as much detail about how you reached the 
.^^^^1^ error as possible. 

This was a good lesson. 

(Response) This isn't very helpful ^^^f^ 
. — ^HS'is so very helpful. 

— ' I think that PLATO' can help alot of people because 



Student ■ 
Student #1 
Student #2 
Student 



#3 



(Response) 
(Response) 
its fun. 

Student #4 (Response) — This way of teaching, is out of sight.; '^^ 
Staff" (Response) — .iWe're g^d you enjoy it. , 

■ • . V ,. : ' % ^ 

'student — The lessons are s^^ well presMted, you just can't mi3S'. <^ 
Student #1 (Respons^^ -r- All tHe res^ons^ were premature. 

Student — Lesson; j|tujfrik)(a)r. . The'^one on possevies is ^way .to long. It should 

be shorterfpd' down to- about 20 or. 30. Plus it doe-sn't take into 

' ' account hun\-ah errors;^' i. e. , pushing the wrong buttb?^, the aMlity 

to "go hack when youF^e^ an error that you have made. It should 

also ma^ie spellingP^^ lesser evil than misplacement of the . 

I ^ HOP.E. YA'^ WILL SEE ABOUT. eORRECTING that: ^ 

Staff (Resp<^nse) Thank^; . We are already preparing a vers'^on of 

— that will cut the number of problems down to . 

; ^ It is ungodly^ long, I'll admit: * " ' . ■ 



Studidnt 



Th\e^ to^fc^ on singular aM plurali 
I. have taken on, PLATO. It sure < 




D^sessives, is the. Jiardest teat 
ielps a lot^. 



Student ■ — Dear P.IjA^ggSl think this is a marvelous idea about me '^working on * i 
a computerTt is a very jDig help to jrfeand I wish I haci one of my '* 
very own. This wonder^l machine alsc5* helps jne^, to do my lesson. ^ 
I J think every student wouldn't mii^e* haven^'t one*!. Thank you very 



. ' much. J 
Student #1 (Response) -^--i'];"m with you. 
Student #2 (Response) — Fantastic 



Student — This lesson has really helpqd^^to increase' 'my writing skills. 
. . Thank yoy. You ' re" getting it^ ,^ to belieVe' ^.n you. ^ 



student — I really enjoy working and learning the PLATO way. This is * 
not only fun, it is very "helpful . , ' 

I LOVI:: YOU, PLATO. . ' ' 

I LOVE YOU, PLATO, . ' 

^ ' "Gratefully yours, ' , 

Staff ^ To those students in cours^ , who got messed up today; 

sorry people, a programming error^ sent you. to the wrong place, ^ ^ 
thus makUng it impossible for you' to continue. The error is 
^ now fixed; sorry for the inconvenience. ^ 

Student —This lesson is really worth learning. I wish I had learned this 

' in high school. ' . ^ ■ ■ ,/) 

Student Ul (Response) — Me too. 

Student «2 (Response) This dumb machine. is alright. I don't think I 

could have founda better tutor. 
Student #3 (Response) — Me either. 

Student — Who or whom are you? ^ 

Staff (Response) Who is whom? The machine isn't a person; it just presents 
individualized 'lessons written by various people. There are some 
people (like me) who have the responsibili^ty of reading student 
comments and seeing that the program? continue to work correctly. 
^ • . When an error ^ discovered, we try to fix it. We -hope you cotitinue 



to enjoy PLATO?- 



6.6.1 



COMMUNITY COLLEGE MATHEMATICS LESSONS SUMMARIZED BY TOPIC AREA 



0 

U (II 



t of lessons ;tfhich 
have these structural features 



rt 



ft 
C 
ft 



ID 



n 
Pi 

H 
0 



H 



I. Whole Numbers, pivisibility and Fractions 



15 
2 



■ 9.3 
open-ended 



14 



. 4 



3 - 



n. Decimals and Percent 



17 



III. Signe(j Numbers 



MV. Set '.Theory, Algebraic 
, . Linear Equations 



Sxpressions, and 



V. Algebraic Fracti ons ^d Quadratic^ Equations 



VI.. Plotting Points and Graphing Straight Lines 



and Simultaneous Equations- 



VII. Trigonometry and Logs 

V-c- ™1 



VIII., Miscellaneous 



11.4 



17 



15 



16 



14 



5.8 



13 



:5 



12 



■9 



26 



17.8' 



25 



' 2 



13 



v' 8 



4.9 



21 



10.6 



17 



10 



4.8 



10 



6.9 



2- 19 



16 



. 8 



IX. 'Functional Plotters ' 



open-ended 



TOTALS i 



4 



71.5 

,(.+4 op^n- 
ended) 



Lessons produced at.CMG 



59 



4- 



Lesions produced at cct 
LegSons produced elsewhere 



32.7 
1+2,open-^ 

ended) „ " 



'52 
,13 



■ERIC 



34.1 

4.8 
(+2 open- 
ended) 



112 



33 



48 



57 



. 9 



50 

'5 



22 
2 



40 



v ■ 
'-29 



22 



2 

'6 



■11 



. 7 

..4 



13 



•3. 
4 



APPENDIX 6.6.2 



I NUMBERS OF STUDENTS AND I],OURS OR USAGE 

COMMUNITY COLLEGE MATHEMATICS LESS0NS--Fa4 i974VHROUGH SPRING 1976. 



/ 1 

4 


School 11 ■ 


School' 12' 


School 13 


'Schoo. 


L 14 


Schoo. 


iir 

L #5 


TO! 


'ALS 


sts. 


1 

hrs. 


f 

sts, 


1 

hrs. 


i . 
sts. 


1 

hrs. 


1 

sts. 


1 

hrs. 

=^ 


r 

sts. 


hrs.. 


/I 

'sts.' 




Fall 1974 (sem/qrtr) . 


'l42 


'42;? 


1.13 


1 

,.259, 


,319 




. d 

_£L 


0 


a 


0 ■ 


574 


1520 '■ 


Winter 1975t (sem/qrtr) 


■ 210 


853 


■ ri; ■ 
















210 




' siring l'^75 (sein/qrtr) 

..ii L > . ..■■....!- 


11,9 


.1111 


194 


"l'279 


304 


927 


Oft 


ott 


81* 


163* 


758 


3480 ■ 


4. 

Summer 1975 


59 


.39?,; 




J 546 


■ 114 


244 




121** 




101 


489 


2411* 


Fall 1975/ ' ' 


"148. 


'366 


, '56 


■254 


:, '360 


14i. 


107 


364/ 


" 71 


246 


752 


2650 


Spring 1976' 


180, 




''225 


■m\ 


■M 


It 


217/ 


509 


,161 


675 


1040 


^159 , 


TOTALS . / 


918 


4019 


.■::'8oi 


>r r- 

m 


1*35^ 


m 

To65 


■ 

379 ' 


994 

g * 


' 371 


1185''' 


3823 


16,073 ^ 



t.School IT was on the quarter system 'during the 1974/\5 school year.^ Consequently, itls the oi\ly school 
witfi'a 1975 winter quarter, All school^ were^Qn the/^niester's^^^^ during 1975/76. 

, tt There were.fc hours of it^th usage' under a multiple' record. 

* ■ There' were 77 hours of additional* math u.?age^ under a multiple bcord. ^, 



**'Tfe were b7. hours of additional m^th.lisage under a multiple record.. 



. APPENDIX 6.6.3 . , - * 

SUMMARY OP PLATO USAGE ACCORDING TO TYPE OF MATHEMATICS COURSE 





courses 


^ instructors 


# 

sts. 


hrs . 


# 

hrs/st. 


I- Related Math for Vocational Students 


32 . ■ . 


8 


f: 692- 
(18^1%) 


4337 
(27.0%)^ 


6.3 


II- - Algebra 

^ ^ : 


37 ^ 


' - 15 . 


90 1 
(23.6%) 


3646 • 
(22.7%) 


" 4.0 


III. Intermediate Algebra 


28./ 


12 


£1 n 1 

(>5.7%) 


^44 
(1^6%) 


5.2 


1 

IV. GED Math 


c^2 


- ' 8 

s . 


732 
019,. 1%) 


2204 
(13.7%) ^ 


f 

3.0 . 


V. Preparatory Math 


— ■ \ 

•9' 




^ 140 
( 3.7%) 


362 

( 2:ik) 




• .: ^> , - n - ' 
VI. -^Tfechnical Math 

* 




5 


122 
. ( 3.2?) 


\ * 543 
^.4%) 


- 4.5. 


VII. teaming Center \ ^^.^-^ 


10 


3 


^174 
t 4.6%) 


497 .> 
( 3.1%) ' 


'2.9 


^11 1. Miscellan^oiiS Cour'sesL 


22 


, i 3 ; ^ 


— 1 _ 

460 
(12.0%) 


• 1340 
( 8.3%) 


2.9 


TOTAL - . 


166 . " 

0 * 


51 


-3823 


16,01^ 


4.2 ;| 



ERIC 



^' APPENDIX 6.6.-4 



DISTRIBUTION OF TIME IN TOPICS MD LESSONS, FOR FIVE GROUPS OF SELECTED. COUI^SE^ 



Miscellaneous Information, about the 'Course Groups Contained in This Table 



'a 


s 

1 School 


1 Inst 


t Stu 


i Hrs ' 


5 ^ Ave Hrs 
per StU:, 


.fijheduling Pattern , 


.1. - yen Vocational Courses - 
' .) Spring 197'6 


2 


5 


■ 216 


1,455 


6.7' 


"1/wk" and "h-out"'^ 


II. Four Algebra Courses - 
Fall 1975 


3 


3 


109' 


,491 


4.5 

\, 


1 course "opt" 
3 courses "1/wk" ' 
3 'courses "h-out" ■ 


Three Algebra Courses - 
Spririg 1976 


\ 


3 


92 "" 




7.4 


1 'course "1/wk" . 

2 courses "clump"' 


IV. Four Intermediate Algebra 
, Courses - Fall 1975 


i I- 


■ 1 


107 


.319 


, 3.0^ 


."^pt" 


V. Tllree Intermediate Algebra 
^ Courses "^Spring ,1976 . 


1 


: 2 


77 , 


■ '548 




.■"clump" 




A* 



'ji-ir 



• i 



ERIC 




« 1, 



1 



'l^'^ ^continued) 



I 



' ' Distril^qtion of Time in, TopiGs',,^nd Less6n? ^pvk 'Gijojips Of SelecteKourses ^ 

' Ten Vocational, Courses,— Sprjing 1976V 



( 



^ ' ' . ^ . '' < 
' '; i 
t, • " , 

(ft 


, Time 


— r — 

IStu" 
in 


; I: 

■'Tiie>- 

10 V 

Lesson 
, (mii\) 


, Time,. 
. in 

Lesson 

per 

Stu ■ 


'Total ^ 
Time 
in 

.Topic 


%0f'' 

' Time 
in 
^ Topic 


V 


(min) 


Lesson 


A. DMSIfliLm AND FRACTIONS , , /"j 










348 hours 


44.9% ^ 


Exercises-'Equal Fractions, , iiixed"JSjH,, > 






3,756 








— * — — — ' — • — ' ' ■ ' 
. , Divi'sibility, Rules/Reducing Fractions' '•, 




76 


4,705 • 


62 




. 1 

t 


Exercises-Arithmetic Operatio'ns ' 

i 

on Fractions ., 




68 


3,015 


■ 44 , 






: if ^ — ^ 

Adding and Subtracting Fractions with 
Unlike Denominators 


40. 


53 


3,497 


'66 


■i 


i 

? 


Frlctipns on th'e Ni#er Line 


,40 


42' 


3i'187 






f 


Finding tl^e Greatest, Common Denominator 


■ 60 " 




|;l,651' 




— . 




Introduction to Fractions 


6^ 


— 

17'. 


431 


25' ' , 






Claim Game ' 


15 


■ ' ,15 ' 


• 44'2 


29 






Prime Factorization of Whole Numbers 


35 


12 


205 , 


17, 

- ^- 


\ 





•er|c • 



J 



N(<:c>ntinued) 



1 



Distribution 'Of Time in TPopics, and! Lessons for Five , Groups/ of Sel6cte4 Courses 
;.•> ■ J. T^n, Vocational Courses,-- spring^ 1976 ■ ' 



' '\ ' 1 ' ^ ; : ^ 

.. - . : • . ■' 

■ . ■ - , ' ■ , '"'■.♦* 

fr " • - ■■ 


Est> 
. Time 
(min) 


in , 


T^e 

. Lesson 
i[min) 


Ave 
Time 
in 
Lesson 
per , 

/ o uU 


Total 
• '* Time ^ 
in 
Topic 


Time 

: ' in' , 
Topic 


B, 'DECIMALS^ AND PERCENT 










v2,8(J hours 


^36.1% ' 


.Reading and .Writing Decimals. 


60 


' . 72 . ' 


, '4,099 


: '^57 ' 






' • Percent-Decimal-Fraction' Conversions 


' ,60 


54 


'4,502 


' 83' ' 


^ ' ^ 


• 


^ \Roundi;ig Decimals o , 


30 


' 54 ; 


2,545 


47/ 






Addincr and' Siih'hfar'tincr npr'iTn;^!^ l, \ 


fin 






AQ ' 






MultiDlvinCT and Dividina npp'iTn;^lc: 




*i u 

* 




ou 


-4^ ^ — ; — - 


— r— — 


, Keeping a Balanced Checkbook 


^'60 




432 . 


25 • 






Subtracting Decimals 


■ 30. 


•6 


316 


•53 






' Math Review Drills 1, > s 


* 35^, 






35 






• ■ ■ ' ... . ■ ' ' • 

* ^ Divic^ng Decimals ^ \ 


;6o. 




86\ : 


^14 






Multiplyihg Decimals ' - * 


3.0 


; 5 


. 86 ^ 


17 






'Adding Decimals V " 








'■15 






Word 'Problems' with Percent-vintroduction 


30 : 


"1. * 


10 


10 /. 






\C. SIGNED NUMBERS . 










102 hours- 


' 13.2%: 


. / Introduction— Thermometer and' Sea Level 


10. 


54 ^ 


..577, 


^ 11 






Adding and Subtracting on the ' ' 
Number Line ' ^ -i,, . * i 


, 45 - 


• " 43 


-2,130 .; 


::'^5o. 






Eggdropper ' . ' 


•10 


16 \, 


653 ' 


/ 41 






^ signed Number Word Problems on 

Temperature and Sei Level > 




15 


415 ' 


28 







' tJ 



ERIC 



- ' (continued) • 

.y ■ , ■ • , , ; , 

Distribution of Time in Topics and Lessons for .Five Croups of Selected Courses- 

It « 

I. , Ten Vocational Courses Spring 1976 . , 



1 

■ ■ , s, ^ . 

t , 


■ Est, 
Time 

■'("inin) 


istu 

{' ■^^ 
'^Lesson 

Li. 


Time | 

in \ 

Lessort 

(i^iin) 
« 


Avp 

ia V c 
i 

Time 
in • 
\ Lessop 
per 
Stu 


Y — (-^ — 

Total ■ ■ 
' Time 
in 

Topic 


• '% 0;1 

■ Time 
in 

Topic, . 


C. SIGNED N[IMRFR<^ frnnfimipHl ^ * 




1 




t 




— r 


\Addition and Subtraction of Signed , ' , 
\ Numbers-Bank Stories 






1 A AC 

.445 

s 


'^A 

34 • 


1 




Mtjltiplication of Signed Nuinb^^rs- ' 
Bank ^tnrip^? ' . 


30 _ 


• 12 " 


250 


, 21 




■ 


Sicinpd Numhprc; n;^niP— WpqI" '' 


1 J 


r 11 


1 

lf\0 J 

/Uo \ 


I 

C A 

64 






uuuL»j.t: oiyns (riipping/ ana 
Multiplication (Patterns)' . , ' 


' 15. 


11 ' 


, 179 








1 Addition of Signed NuKibers • > ; 


is 

♦ 


11', 


■ 179 '■ 


15 






Multiplication (using the running man)- 


45,/ 


■ 11, 


„ . 167 


is 






^ Exercises-Adding and Subtracting 


30 


'l1 „ 


1,36 


12- 






Subtraction of Signed .Numbers . 


25' 


; 10 .' 


. 212 


21, 






Hath Review Drills 11 '■ 


35; 

I 


' , 2 


47 


23 




.............. 


D. SET THEORY, ALGEBRAIC EXPRESSIONS AND". 
SOLVING LINEAR EQUATIONS 


J 


1 » 




. - 


9^ hours . 


1.2% 


Introduction to Sets 


'20 




140 


23 ' 






'Symbols of Grouping ■ , , * 


30 


5 


■ '104 


21 






_ ^ Word Problem Drills I 


,15'. 


' 5,' 


,85 . 


■ 17 






Solving Lineal' Equations' . 


180 


' 4/ 


134 _ 


33 







. ^ ' • . (continued) , , 

Diatribution of Time in Topics and Lessons for Five Group's of Selected Courses 



r. Ten Vocational 'Courses - Spring 1976 





Est, 

lime 
(min) 

\ 
( 


Lesson 


Time 
in 
Lesson- 

; • "i 


Ave 
Time 
in 
Lesson 
per 
.'"^Stu ' 


Total 
Time ' 
in , 
'Topic 


1 

. ' % of , ^ 
Time ' 
in 

Topic 


D. SET THEORY 1 ALGEBRAIC EXPRE^cjTnMc; im 
. SOLVING LIN£AR EgUATIONS (continued) , j ' 










t 1 




Laws of Exponents ^ : 


40 




53 

I 


18 ' 


I 

{ ' ' 




Binomial Products: (x+2) (x-3) etc. 


45 " 


2; 


' 16' 


8 : 


-ft — " 

/ ■ 




— i _ ^ — 

, Solving Quadratic Equations by Factoring 


60 


■ 1 


11 


11 \ 




< 


Factoring Polynomials - ' 


40 


1 


■ 1 


, 1 






' E. PLOTTING POINTS. GRAPHINfi STRATRHT J,1W^ 
, . AND SIMULTANEOUS EOOATIONS 


„ 


• 


\ ■■■ 


: -/ 


8 hours 

"- - L. .-■ 




( ' - ■ 

,Tic-Tac-^Toe. \ 


30 




95 


\l2 / 


} ' ' 

1 


— , ^ 


* -s • ■ . ■ 

^Innp Cif a T.I no 




1 

1 1 

' J 




21/ 






Intercept of Straight Lines^ 


15 


. 3 


■ 28 








Introduction to System of Equations 


15 


.2- 


72' 


.36 


\ 




Exercises oil Solving 2x2 Systems of' ' 


15 


2 


>54^ 
■ \ 


■21 


1 


^ 

t 


|ow to "Write Solul^pns'of Systems of 
Equations '} > ' » ; 


15 


2 


■"47, 


/ 24 




1 


■■ / 

J ,i3raphing StraigJit'iEines-Table of Values, 


30 


' 2 


• 13 ,| 


1 ■ -7. 






Solving 2x2 Sy^t^s |by Substitution ■ 


45 




• 57 


57" 






. . Independent Sysjtieins of Equations and 
Numbers of Solutions 


30 


1> " 


1 


17 







(continued) 



Distribution of Time in Topics and Lessons for Five Groups of Selected Courses 



, I. Ten Vocational Courses -■ Spring 1976 , 



• 

\ 

a I < 


Est. 
Time 

(min)' 


IStu 
in 

Lesson 


Time 

in 
" Lesson 

(min) 


Ave 
: Time 

in 
Lesson 

per 

Stu 


Total > , 
Time 
in , 
Topic 


,■ ■' 1 
% of 
Time 
in' 

Topic 


./ . ■ , ■ , 

E^. PLPTTING PQINTS, GRAPHING STRAIGHT LINES 
' '■; AND SIMULTANEOUS EQUATIONS (continued)' 








T 

1 




< 


, Solving 2x2 Systems by the Addition- 
. Subtraction Method ^ 


45 


1 


16 


. (s 






' „ Graphing* Any Line in the Form 
' ax+by+c=0 ' 


30 


1 


.Vs 

* 


1 5 




i 


' F, 'SLIDE RULE AND SQUARE RO^f 










28 hoyrs " 


• 3.6% 


Finding the Square Root ' 


30 


29 


1,3^- j 


(47 






, Sli4'Rule , 


120^^ ■ 




335 1 


42 ) 







¥ 



TOTAL TIME ALL' TOPICS: 



775 hours 



% of on-line time not accounted for by these lessons = 47% 



(continued) 

Distribution of Time in Topics and Lessons for Five Groups of Selected Courses 



II. Four Algebra Courses ~ Fa, 



ii 1975 

if 



i 


Time 
(rain) 


ttuLU 

In 
Lesson 


•Time 

in 
Iip^son 

(min) 


Ave 
Time 

in , 
Lesson 
per 
Stu 


Total" 
Time 
in 

Topic 


% of 
Time 
in 

,Topic 


111 y 

A. MULTIPLES OP WHOLF MIIMBERS. nTVT<?TRTTTTY 
AND FRACTIONS 




„/ 




t 


59 hours 


17.8% 


[_f Equal Fractions 


60 


45 


1,375' 


31 






Fractions on the Number Line 


40 


'31 


■955 


31 






. ■ Exercises-Arithmetic Operations on 
Fractions 


60 


18 


' 476 


27 






Introduction to Fractions 


60 


12 


( 212 


18 






Pindincj thf^ fIrPAtpc;t CoinniOTi Di tn cinr 


60 


11 


w 

JJii 


30 






Claim Game 


15 


10 


189 


19 






Hi VI Qih*i 1 1 H; Pnlpc/Rpflnrinrr Pr;^/^finnc 


60 


1 

1 


17 


17 






B. DECIMALS AND PERCENT 










, 6 hours 


1.8% 


Decimal Skills-Introduction 


10 ' 


^ 11 ■ 


37 


3 






Reading and Writing Decimals 


60 


6 


251 


42 






Keeping a Balanced Checkbook 


60 


2 


39 


19 






Multiplying and Dividing Decimals 


, 60 


2 


16^ 


8 






Adding and Subtracting Decimals 


60 


1 


10 


10 






' ■ ~-\ ^ — 

Rounding Decimals \ 


30 


1 


2 


' .2 " 







(continued). ■ 

f 

Distribution of Time in Topics and Lessons' for^ Five Groups of' Selected Courses ■ 

' I ' ' ' 

II. Four Algebra Courses -- Fall 1975 



. . 

^ ' ' f 

1, 

^...^ . 1 ■ J.^^^ ^=1: 


.Est. 
Time 
(min) 


istu 

inl 
Lesson 


, Time 
in 
Lesson 
(mjn) 


Ave 
Time 
in 
Lesson 
per 
Stu ' 


— . 

Total 
Time 
in 

Topic 


■/DlTtlP 

r. 

1 Topic 


C, SIGNED NUMBERS 






, — 




149 hours 


44.9% 


Adding and SuCtractmg on the Number ^Lln€ 
Numbef Line \ 

t 


45 . 


77 


5,086 


66 




i \ 


H Lxexcises Auaing ana oUDtraCLing 


JU 




2,08d 


35 






Multiplication (using the running man) 

■ - - , — ^ — ^ -. 


45 




900' 


18 






Signed Numbers Game—West 

' It \ 


15 


13 


732 


. 56 


■ / 


\ 


' Eggdropper 


10 


^ 

4 


122 


30 






— — — J \ 

J ■ Double Signs (Flipping) and 
. Multiplication (Patterns) , 


15 


^3 


9 ' 


3 

— 1 


/ 


4 


D. SET THEORY, ALGEBRAIC EXPRESSIONS AND 
'SOLVING LINEAR EQUATIONS 










115 hours 

r 


34.6% 


Introduction to Sets / 
■■; t' . 


20 


79 


i.isi 


25. 






Laws of Exponents ^ 


40 


■ 48* 


2,809, ' 
^ 




/ 




^ Solving Linear Equations 

^ f — 


180 


27 


i;039 


■ 39 / 


1 




The Distributive Law , / 


30 


25 ' 


740 


3'0 1 ' 


t- 




^ Binomial Products: (x 


+2) j|-3) etc; : ' 


. 45-.. 


8 


114 


14' 




■" '/ — , 


Symbols of Grouping 


!» 


30 


•"5 


175 - 


35 






Powers and Roots of Natural Numbers 
— „ „ : 1 


130' 




32 

^ — *-/L.. 


/11 







ERIC 



? ■ .. . (continued) ■ . , 

' ■ .'Dia'tribution of Time in Topics and Lessons for Five Groups of Selected Courses ' 

V.,; ' . ■ . 

;.,,■;„(., ./ ir; Four Alg^Dra Courses ^ 



" 1 ' 1 ." ■ ■" ■ ' ■ ' ' 1 


,Est. 

Time 
. (min) ' 

V 


istu 
in 
Lesson 


in 
Lesson 
(min)^ 


Ave' 

in 
Lesson 
per 
Stu 


Total 
v Time 
' in 

Topic ' 


, ' ' ' ' '' ' :' 
■, ' % of ' 
Time 
.in 
Topic 


E. - PLOTTING WUTS AND GMNG 
STRAIGHT LINES 














Tic-Tac-Toe 


30 


'9 


127 


14 


,3 hours 


' 0.9% . 


Battleshi)) ■ 

■ ■ ■ f ■ 'I 


• 30 




■ 32 , 






I 



• ■J 



TOTAL TIME ALL TOPICS: 



332 hours 



%, of on-line time not accounted for by these lessons = 32% 



.1 



o 

ERIC 



A 



• - (continued) 
Distribution of Time in Topics arid Lessons for Five Groups of Selected Courses 



III. Three Algebra Courses - Spring 1976 



c 

\ 


Est;*. 
, Time 
(min) 

t 


1 

IStu 
in 
Lesson 


9 

Time 
in 

# 

Lesson 
(min) 


Ave 
Time 

ii) 
'Lesson 
per 
S{u 


■ Total' 
Time 
in , , • 
Topic 


% of . 
Time 
in 

Topic , 


A. MULTIPLES OF WHOLE IfUMBERS, DIVISIBILITY 

Ai)D f RACTIONS - 

■. ■ . \ 1 




.i.u... — — 




1 ' 


84 hours 


16.7% 


•■ ■ ".Fraction^-on the Number Line 


40 ' 


47 


1,974 


■ 42 


_ 




Equal Fractions ' • 

W —1 : — -, . 


■ 60 


28' 


772 


,28 


\ ^ 




■ Adding and Subtracting Fractions with 
- ' Jnlike Denominators , ' 


40 


' 21 


"1,456 


69 






' 'Exerclses-TArithmetic Operations on 
\,, , Fractions / 


60 ^ 


,16 


, 295 ' 


■ 20 






Finding the' Greatest Common Divisor 


60 


11 


458 


42 , 






Divisibility Rules/Reducing Fractions 


,60 


4 


^ 99 


25,^ 




I 

f 


. B. DECIMALS AND PERCENT - 

< 






> 




. 6' hours ■ ■ 


' ' V.2% 


Reading, and Writing Decimals 


■ 60 ■ 


' '4 


54^ 


14 




L ■ 


Adding^ 'Subtracting Decimals 


■ 60 


■3 


105- 


35 






. Multiplying and Dividing Decimals - • 




/ 3' 


'54 


,18 






Decimal Skills: Introduction 


' "1.0 


3 ■' 


8 ' 


■ 3 : 






. Keeping a Balanced Checkbooli ■ .,■ f 


, 60 


' ; 2. 


98 


49 ' 






. ■ Rounding Decimal^v^ ^ ■ • , ■ 


' jo' 


) 


■ _ 19 


19 






j (• Comparing Decimals 


■ 60 


1 


13 


13 




ft 



(continued) 

Distribution of Time in Topics and Lessons for. Five Groups of Selected Courses 



III. Three Algebra Courses ~ Spring 19|6 





•Est. 

Time 
(min) 


iStu 
in 
Lesson 


Time 
in 

(min) 


Ave 
Time 
in 

"per 
Stu 


Total 
^Tiine 

111 

Topic 


% of 
* Time 

ill 

Topic ^ 


C. ^ SIGNED NUMBERS 










110 hours 


(^1,.9% 


Adding and Subtracting on the 
Number Line , ' 


45 


69 


J f \JJQ 




■ 




Exercises-Adding and Subtracting 


30 


48 


1,763 


37 




• 


Multiplication (using the running man) 


45 


41 


882 


22 






Signed Numbers. Game—West 


15 


,10 


121 . 


12' 






Eggdropper ' , 


10 


^ '4 


92 


■'23 






Double Signs (Flipping) and 
Multiplication (Patterns) - ^„ 


15 


4 


' 53 


13 


\ 




Introduction— Thermometer and Sea^ Level 


10 


, 4 " 


14 


4 ■ 




1 


D. SET THEORY, ALGEBRAIC EXPRESSIONS, AND 
■ „: SOLVING LINEAR EQUATIONS 






< 




136 hours 


27.0% 


-i - - ■ , - -- 

/ Introduction to Sets 


20 


'72 


1,921 


i 

21 


%,t:'. 




Laws of Exponents 


40 


33 


2,240 


68 


1 




; Solving Linear Equations 


180 


.21 


2,862 


136 






" Evaluating Algebraic Expressions 


dO 


15 


617 


,41 






The Distributive Law 


■' 30 


7 


190' 


27 






Binomial Products: (x+2) (x-3) etc 4 


45 


6 




' -22 






■ 1 , 


Special Products I 


25 


'\ 4, 


■■w 


' 37 


' \ 

_. V .. 




Symbols of Grouping 


30 


, 1 ' 


33 


■ 33 







ERIC 



, ' ' . (continued) 

t . ' / 
I • « ' 

: ^Distribution of Time in Topics and Lessons for Five Groujis of Selected Courses \ 
' ' ■■ ' III. Three Algebra Courses - Spring 1976, ..„;;'■ 



, . 

t -.I 

1 ■ ' ' ' 


Est; 
Time 
(min) 


tStu, 
in 
Lesson 


■ in ■ 
Lesson 

-fmin) 

* 


AVe 

in 
Lesson 

Stii, 


Time 
in 


1 

t or 
Time 
in 


E.' ,PK)!PTING points and. GRAPHINa STRAIGHT 
'■ 'LINES ■ ' ^ ' , ■ . 










167 hours 


• 

33,2%^ 


Graphing Straight Lines-Table of 
Values 


30 ■ 


41 


4.626 


11"? 






Tic-Tac-Toe 


30 


■ 41 


742 


18 


- ir 








ii. 




■ 75 






Intercept of '^Straight Lines 


;■ 15 


33 


573 '. 








Graphing Any Line in the Form y=rax+b 


30 


13 


777 ^ 


/ 60 






Point-Slope Form 


30 


.11 


491 


45 




^ ■ 


Battleship 


30 


9 


■267 


30 






Graphing Lines in the Form ax+by+c=0 


60 


2 


. ^50 


25 ; 






The Lines:; .y=b and x=c 


■ 30 


I 






\ 





f TOTAL TIME ALL TOPICS: ' 5,03 hours 

' ' ' ' ' . 

, % of on-line time not accounted for by these lessons = 27% 

f / 

O 

ERIC 



• /■ ; - icontinued) > ' J 

Distribution of Time ii^) Topics and Lessons for Five Groups of Selected Courses 



IV, Four Intermediate Algebra Courses - Fall 1975 



i 


Est. 

Time 
(mm) 


tStu 
in 
Lesson 


> 1 

Time 
in 
Lesson 
(min) 


Ave . 
' Time ■ 

in 
Lesson 
.per 

$tu 


1 

( ■ 

Totaji . 
^ Timel 

' in 1 , 
■ Topic 

I ■ 

1 


V 

- , %^of 
Time 

1 n ( 
•111 \ 

Topic' 


— ^ — - 

A. SET IHE08Y, HOSBAIC ^XfRESSIOUS My - 

'i!^ ^ — _^ 








1 


\ 

\ 

' 39 hiurs 


17 5% 




40 , 


' 23 


427 


19 ' 


1 

1 

1 




. ^ — 

T ^ • \ 


■4(1 


, 22 


600 


.27 


( 

1 


—4- 


, ; Factorwg Quadratic Polynomials 


, 60 


20 


377 


19 


■" 1 

i 


: _ 


Prime Factorization of Whole Numbers 
J ■ — 


35 


' .20 


300 


; 15 


1 

"J 
! 


* 


^inomiai iToaucts; Jxt2)(x-3) etc. 


45 




26? 


15 


1 




cpeciai riouucus i ^ 


25 


— eS 1 

14 


233^ 


17 


i 1 

1 




aoiving i^uaaratic aquations, cy 
.^/Fa^toring ■ . 


60 




126' 


14- 






) ' . 

B. ,PL01|TING POINTS ■ • .' 

J ^ ^ 










63 hours 


28.3% . 


Battleship 


30 


102 


■ 2,758 


27 






Tic-Tac-Toe a ^ . ' 


30 


101 


1,018 


10 


i —f. — ' 




C. GRAPHING.^STRAIGHT LINES 










108 hours 




^, Graphiilg Straight Lines-Table of Values 


30 


68 


,2,543 - 


37 






"... Slope of a Line 


3,0 


3-6., ::. ■ 


1,S60 


35 






v j"., '.'intercept of Straight Lines ^ ■ 


15 


34 " 


259 


8 






•■. . More Exercises on Linear Equation^ and 
Straight Lines 


60 


25" 


/ 586 


• 23 








. . ' (continued) 1 

Distribution of Time in Topics and Lessons : for Five Groups of Selected Courses 



IV. Four Intermediate Algebra Courses - Fall 1975 



1 ' . * 

t ■ r ■ 


ft 

Est. 
Time 


IStu 
in 


\ * 

. iiniG 
; 'Lesson 

^ \i\U.i\) 


' Ave 
' iime 
" jn 
Le'sson 

■ 'Stu' 


1 

Total' . 
' Time / . 
/ in . 

lopic ' 

.. . 1 ' < 


% Of 

Time 
. in • 

iOfflC 

1 


(min) 
> 


Leison 


C. GR/iPHING STRAIGHT LINES, (continued)' ' 










, ' ■ ; 




, Graphing Lines in- the Jorm a)£+by+c=0 


60 


81 


952 


45.' 







Graohincr Anv T.inp in fhp Pnvm iT-mviK 


• In . 












The Lines y=b and x=c 


30. 


20 


222 


' 11 




■1 


D. SIMULTANEOUS EQUATIONS^ 










13 hours 


, \ 5.fi% 








^ 1 

i 


/ 




i 


Equations 

— -~ „^ . 


15 


. 15 


% 


, 6 




1 

1 


J • Numbers of. Solutions 


30 


":j;0:./; 

i 


151 


15 • 


- 




• How to Write Solutions to Systems of 
• Equatipns 


15 


9 . 


' ;,64 


7 




■y 


^ Solving '2x2 Systems by Graphing 


30 ■ 


• 9 


41 


5 . 




> 


• Introduction to Algebraic Methods of 
Solving 2x2 Systems , ' j 


■; 30 


8 


48 


■ 6 






. Solving 2x2 Systems by Substitution 


TV 

45 




219 


31 






Solving, 2x2 'Systems by the Ad(}ition- 
Subtraction Method 


45 


4 


23 


6 . 







TOTAL TIME ALL TOPICS: 223' hours . 

% of on-line time not accounted for by thege lessons = 30% . , , • t 
ERIC ' ' 



• ■ ' ... (continued) » I 

.Distribution of Time in Topics and Lessons^'for Five Groups of Selected Courses 
■ '( ■ ■ - ' ' * ' f 

' ■ ■ ^ . , r' 

V. Three intermediate Algebra Courses;-- Spring 1976 



f - 

\ 



A. PLOTTING POJiNTS 



,Tic-Tac-Toe 



V Battleship 



Est. 

Time 
(min) 



• 30 



tStu 
in 
. Lesson 



73 



IS , 



Time 

in 
Lesson 

(inin)' 



559 



iAve 
Time 
in ■ 

Lesson' 
per 
Stu, 



17 . 




13 hours 



% of 
Tiiiie 

Tqjic 



3.0% 



B. '"GBAPHING STRAIGHT LINES 



/ 



'.243 hours 



56.1 



Graphing'Straigls-. Lines-Table of Values 



72 



4,505 



63 



Slope of a Line 



66 



3,310 



50 



Intercept o^ Straight Lines 



Jraphing Any Line in ,the Form y=imx+b 



15 



66- 



517 



30 



61 



2,417 



40 



The Lines^ y=b' and x=c 



30. 



.54 



812 



15 



Graphing Any. Liije' in the Fo!ra ax+by+c=0. 



60 



53 , 



' 3,028 



57. 



C. SIMULTANEOUS EQUATIONS 



172 hours 



40.2% 



Independent Systeids of Equations and 
Numbers of Solutions 



30 



) 60 1 



1,069- 



18 



Introduction to Systems, of Equations r .; 



15 



59 



■564 



How; to Write" solutions to Systems of 
liquations , ^ ■ 



15 



Solving 2x2 Systeii by Graphing 



30 



.58 



1,381 



24 



54 



658 



12 



.Introduction ' to Algebraic Methods of 
Solving 2x2 systems 



30 



50 



469 



(continued) ' • ' 

Distribution of Time In -Topics , and Lessons for -Five Groups of Sheeted Courses 



. ^. , Three Intemiediate Algebra Cburses^r- Spring 1976' 



r"<"^""" ^" t — ; 1 ' ; ■ — 1 

• K > , . ■ ■ . 






y ■ 


Ave' 








Est. 
■ Time 
(min) 


. IStd p 
in } 
Lesson 

* r 


Time 


Time 


Total 


■ % of 


,. ' ' . -N . * ' . 

• , ■ . ■ r - • 


in 
Lesson 
i (min) 


in ' 
■ Lesson 
per ' 
stu . 


1 Time ' 
in/^ 
•lopic 


?Ti!Jie t 

in 
, Topic 


. C SIMULTMEpUS EQUATIONS (conti4df \' 


\ 

\ ^ 
f 












— I 1 fr ' ~ 

' ^Solving 2x2 Systems by Substitution 


45 . 




{3,538 


'^'^ 74 


4 


f 


Solvini[ 2x2 Systems by the Addition- '■ 
' Subtraction Method . , ■ 


Sy 45 '' 


37 


\ 1,899 


5I' ^ 




\ 

\ 


t . Exercises on SGlvifig 2x2 Systems of '' 
Equations , • . ' - . 


15 


J nil 1 


. 675. 


', '28 






Posttest for Simultaneous Equations 


20 

-it-i 


. 3 . 


: ' 4$, , 


15 


..J, 





I I, 



TOTAL TIME ALL TOPIGa:, 



% of on-line time not accounted for by these lessons = 22% 



428' hours 




ERIC 
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